
[ANNALS N. Y. ACAD. SCI., Vol. XVII, No. 6 .  Part 111, 
pp. 563-657 (December, 1907)] 

RECORD O F  MEETINGS 
’OF THE 

NEW YORK ACADEMY O F  SCIENCES. 

January, 1905, to December, 1905. 

HERMON C. BUNPUS, Recordiizg Secretary. 

BUSINESS MEETING. 

JANUARY 9 ,  1905. 

The Academy met at 8.15 P.nf. at the American Museum 

The minutes of the last meeting mere read and approved. 
The following candidates for election as Active Members, 

of Natural History, President Kemp presiding. 

recommended by the Council, were duly elected: 

J. H. Wilson 3 I 2 0  Broadway 
George H. Sherwood American Museum Nat. History 
Prof. Chas. Baskenrille College of the City of New York 
Robert T. Hill 25 Broad Street 
Maurice Fishberg, h1.D. 79 West 115th Street 
W. T. Roberts 108 West 84th Street 
Roy W. Miner 435 West 123d Street 

It was voted that Chapter V, Section I of the  By-Laws be 
amended by  omitting the following words: 

“Every active member shall pay an initiation fee of five 
dollars within three .months of his election or such election 
shall be void.” 

It was voted that the following recommendation of the Coun- 
cil be adopted: 

“Active workers in science may at  the discretion of the 
Council be elected to Associate Membership in the Academy 
in the manner prescribed by the By-Laws, with annual dues 
of $3.00 for a term of two years, and they may be re-elected. 
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Associate Members shall receive the ‘publications of the Academy 
and may offer their papers for publication in the Annals and 
Memoirs, but because of constitutional provisions they shall 

,not. have the power to  vote and shall not be eligible t o  elkction 
as Fellows. At any time subsequent to  their election Associate 
MemGers may assume the full privileges of Active Members 
by the payment of the dues required by Chapter V, Section I 

of the By-Laws: Persons now Active Members may not be 
elected Associate Members.” 

The following resolution, having been presented by vote of 
the Council, was then adopted: 

Resolved, That the Council of the New York Academy of 
Sciences place on record its warm interest in the efforts which 
are being made by the Peary Arctic Club under Mr. Morris 
K. Jesup as president t o  outfit another expedition to the polar 
regions under the direction of Commander Peary. 

In  the opinion of the Council, such an expedition may become 
one of great importance, and, in addition t o  the chief geographical 
objects of the ex peditiid, valuable’ observations and discov- 
eries may be made in the sciences of geology, terrestrial physics, 
geography, zoology, anthropology and botany. 

Resolved further, That the Academy cooperate SO far as POS- 

sible with the Peary Arctic Ciub in raising funds not only in SUP- 

port of the chief object of the expedition, but, if the necessary 
additional funds can be secured, in support of a small scientific 
staff to accompany Commander Peary and make permanent ob- 
servations and collections in the chief bases of the expedition 
en rozite. 

The Academy then adjourned. 
HERMON C .  BUMPUS, 

Recordh5g Secretary. 
SECTION OF GEOLOGY AND MINERALOGY. 

JANUARY 9, 1905. 
Section met at 8.40 P.M., Vice-president E. 0. Hovey presiding. 
Twenty-eight persons were present 
The minutes of the last meeting of the Section mere read and 

The following program was then offered: 
approved. 
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George F. Kunz, THE JAGERSFONTEIN DIAMOND, THE LARGEST 
EVER FOUND: THE HISTORY OF ITS CUT- 
TING AND ULTIMATE DISPOSITIOX. 

John J. Stevenson, THE COALS OF SPITZBERGEN. 
James F. Kemp, NEW SOURCES OP SUPPLY OF I R O N  ORE. 

SUhfMARY OF PAPERS. 

Dr. Kunz said that the Excelsior-Tiffany diamond the largest 
diamond ever found up to  the present time, weighed 970 
carats, and was a gem of most marvellous purity. This dia- 
mond was most expertly cleaved into pieces, and from it 
mere cut ten gems weighing from 13 t o  6 8  carats each, a total 
of 340 carats, and these mere imported into the United States. 
Dr. I h n z  also stated that carbon silicide had been detected 
in the meteorite from the Caiion Diablo b y  Dr. Henri kloissan 
of Paris, together with transparent diamond and-black diamond. 
As carbon silicide has been made artificially with the electric 
furnace by Messrs. Cowles, Acheson, and Moissan heretofore, 
and mas first determined in nature by Professor Moissan, if 
agreeable to Professor Xfoissan he would suggest the name 
Moissanite for this compound. 

The paper was illustrated by models and photographs. It 
mas discussed by Professors Kemp, Stevenson, the chairman, 
and others. Brief replies were made by Dr. Kunz. 

Professor Stevenson said that the coals of Spitzbergen, accord- 
ing to Nathorst, are in great part of Jurassic age. The mining 
operations are confined to  Advent Bay, a branch of the Icefiord 
of West Spitzbergen, where coal has been opened on both 
sides of the bay. The deposit has been followed northrvardly 
for about ten miles, and for an equal distance westwardly. 

The chief enterprise is on the easterly side of the bay, where 
the bed is somewhat less than five feet thick. The coal from 
the upper part is splint-like, while that  from the lower part 
is brilliant and somewhat prismatic. The divisions show a 
notable difference in the percentage of volatile, the upper 
containing about ten per cent. more than the lower. The 
coal shows no tendency to coke, and that from the lower portion 
is attacked energetically by caustic potash. 
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The coal was compared with that from other localities in, 
which the benches show notable difference in volatile. The 
results of tests with caustic potash made upon a number of 
coals appeared t o  show that non-coking coals are attacked 
promptly, while coals yielding a firm coke are not affected 
even after prolonged boiling. The speaker promised to give 
at a future meeting the results of an extended series of tests. 

The paper was discussed by Professor Kemp and others. 
The last speaker was Professor Kemp, who discussed new 

sources of the supply of iron ores. Emphasis was first placed 
upon the enormous demands made by  the iron industry of 
to-day upon the mines of the United States, Great Britain, 
and Germany. The conviction was held by many that within 
fifty years the local American sources of rich ores, of whose 
existence we now know, would be exhausted and the iron 
masters mould be compelled to seek new deposits. The follow- 
ing possible new disti-icts were passed in review: the Labrador 
prospects discovered by  Mr. A. P. Low of the Canadian Geologi- 
cal Survey, which might also ship t o  Europe; Adirondack 
areas of reported magnetic attraction and possible lean ores; 
the Temagami district and the Michipicoten range, Ontario; 
the southern continuation of the Marquette range beneath the 
drift; the southern half of the Mesabi probable syncline beneath 
the swamps northwest of Duluth, as suggested by C. P. Ber- 
key; the Baraboo range; the deposits in Iron County, Utah, and 
in the Wasatch Mountains; the magnetites of southern Califor- 
nia and the prospects in Washineon and along the coast. The 
speaker emphasized the important reserves in the titaniferous 
magnetites and their great quantity. 

Passing to  Europe the new developments in Sweden at 
Gellivara and Kirunavaara were reviewed and the possibilities 
at Routivaara; also the Dunderland valley in Norway and the  
similar deposits farther north. Their relations to the smelting 
centres in Great Britain and Germany were explained and 
their comparative amount with the “ minette” ores of France, 
Luxemburg, and Germany brought out. Other deposits in 
Spain, Algiers, Venezuela, India, Australia, and Shan-si in 
China were mentioned. 
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The necessary connection between the coal fields and any 
great development of the iron and steel industry was emphasized 
and the future of the three great producers of to-day forecast 
as involved in the permanency of the coals. The reserves of 
coal are greater in Germany, and America than in Great Britain. 
The province of Shan-si, China, having rich stores of both 
coal and iron, seems to be the one possible new location of the 
future great iron industry. 

Professor Kemp’s paper was discussed by Messrs,- ?!IcRfillin 
and Kunz, the chair, and others. Replies were made by 
Professor Kemp. 

A. W. GRABAU, 
Secretary. 

SECTION OF BIOLOGY 

JANUARY 16, 1905. 

Section met at 8.15 Pm., Vice-president W. M. Wheeler 

The minutes of the last meeting of t h e  Section were read 

The following program was then offered: 

presiding. 

and approved. 

Esther F. Bymes, TRANSITIONAL STAGES AND VARIATIONS IN 

W. M. Wheeler, 
CERTAIN SPECIES OF CYCLOPS. 

ANTS THAT RAISE MUSHROOMS. 

SUMMARY OF PAPERS. 

Dr. Byrnes described the transitional stages and variations 
in some species of Cyclops. The species C. signatus occws 
sexually mature in morphologically incomplete stages. It 
is then characterized by eleven antenna1 segments instead 
of the adult number, seventeen, and is comparatively small 
in size and pale in color. Large numbers of adults of the type 
C. viridis show striking variations in the armature of the swim- 
ming feet. Similar antennE and fifth feet are correlated in 
one type of individual with the swimming feet of C. parcus, 
in another form with C. viridis (var. americanus), and in another 
with c. hrevispinosus. Occasionally serial and lateral varia- 



568 RECORD OF MEETINGS OF THE 

tions combine the swimming feet of c. parcus and C. brevi-‘ 
spinosiis in the same individual. These facts, together with 
the frequent replacement of set= by spines, the constant asso- 
ciation of the forms, and their occasional sequence in small 
aquaria, indicate a very close relationship aniong the species 
observed and suggest that  they are transitional forms in the 
development of a single species. 

Dr. Wheeler described the structure and ecology of many 
“ants that raise mushrooms,” giving special attention to  the 
species of Texas and Mexico, where his own studies of these 
ants were made. Numerdus lantern slides illustrated this 
lecture, and at its close many slides from photographs of ants 
kept in captivity by Miss Adele M. Fielde were exhibited 

M. A, BIGELOW, 
Secret a ry. 

,SECTION OF ASTRONOMY, PHYSICS, AND CHEMISTRY. 

JANUARY 2 3 ,  1905. 

Section met at 8.15 P.M. at Fayesweather Hall, Columbia 

The minutes of the last meeting of the Section were read and 

The following program was then offered: 

University, Vice-president E. R. von Nardroff presiding. 

approved. 

A. P. Wills, 
H. c. Parker, EXPERIMENTS RELATING TO THE CONDUCTIVITY 

THE MAGNETIC SUSCEPTIBILITY OF WATER. 

OF POWDERS AT HIGH TEMPERATURES. 

SUMMARY OF PAPERS. 
In  connection with Dr. Wills’s paper, experiments vere 

made with the large electro magnet of Columbia University 
t o  determine the magnetic susceptibility of water. With the 
aid of this magnet, which is one of the largest in existence, Dr. 
Wills found the coefficient of susceptibility of water t o  be 
-0.72 x 10-6, and also to be independent of the field strength 
over a range from 4,000 t o  16,000 C.G.S. units. 

c Dr. Parker said that when a conducting powder like graphite 
is mixed with a non-conducting refractory powder, the resistance 



N E W  YORR ACADEMY OF SCIENCES 569 

increases quite rapidly at  first, as the proportion of graphite 
is decreased, then more slowly, and after a time reaches a critical 
point where there is no conduction or the graphit‘e is destroyed 
by arcing. 

When the percentage of the conducting powder is low, a 
mechanical separation or “striation ” takes place on packing 
in the refractory tubes. Besides this an electrolytic separation 
usually takes place after a time and the conductivity of the 
mixture is destroyed by arcing. 
il very great variety of substances and mixtures were experi- 

mented with in the search for a permanent compound of high 
resistance. C. C. TROWBRIDGE, 

Secretary. 

SECTION O F  ANTHROPOLOGY AND PSYCHOLOGY. 

JANUARY 3 0 ,  1905. 

The Section met at 4.15 P.M. at Columbia University, and at 
S . r g  P.M. a t  the American Museum of Natural History, Vice- 
President F. E. Woodbridge presiding. 

The minutes of the last meeting of the Section were read 
and approved. 

The following program was then offered : 

At  the afternoon session: 
R. S. Woodworth and 
F. G. Bruner, COLOR PREFERENCES. 
M. Tsukahara, T H E  RELATION OF INTENSITY OF SENSA- 

TION TO ATTENTION. 
Dickinson S. Miller, IDEAS AND TEMPERAMENTS. 

At the evening session : 
Robert MacDougall, ORGANIC LEVELS I N  THE EVOLUTION OF 

THE NERVOUS SYSTEM. 
Robert MacDougall, NOTE ON NUMBER HABIT. 
W. P. Montague, RELATIONAL THEORIES OF CONSCIOUSNESS. 
Charles H. Judd, RADICAL EniPIRICIsnl AND WUNDT’S PHI- 

LOSOPHY. 
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The Section met in conjunction with the New York Section 
of the American Psychological Association. 

SUMMARY OF PAYERS. 

Drs. Woodworth and Bruner said that tests of different 
races, made at the St. Louis Exposition, shonved that red was 
the  color most often preferred, both by men and by women, 
a n d  by all the races tested. The predominance of red choices 
was very great. Now previous authors have found, in the  
white race, t h a t  red was a woman’s choice, but blue that of 
most men. This difference of result, as between the present 
and previousauthors, is probably due to the different material 
used for presenting the colors--colored papers having previ- 
ously been employed, whereas in the present tests use was made 
of colored worsteds, such as are used in the Holmgren test for 
color blindness. Special tests showed that, the same individual 
is very likely t o  express a .  different preference, according as 
the colors are presented in paper, worsted, or glass. Many 
persons were also found t o  dislike strongly the colors of the 
rose, the violet, and the sunset, when presented in paper or 
worsted. The inference is that the “color-tone” is by no means 
a compelling factor in determining likes and dislikes of colored 
objects. 

Dr. Tsukahara said that in an experimental study of the 
effects of distraction on the apparent intensity of a stimulus, 
a new method of distraction was employed. TWO sorts of 
stimzilus-the sound of a falling ball and the impact on the 
skin of a falling hammer-were employed, and sometimes 
presented simultaneously, so that  the attention had to be 
divided between them. For instance, first a sound was given: 
next, simultaneously, a sound and an impact; and last an 
impact alone. The subject was required to compare the inten- 
sities of the two sounds and also of the two impacts. The 
result was that, contrary to the conclusion of M~s te rbe rg ,  
distraction decreased the apparent intensity of the stimuli ; but 
this result is so far merely provisional. 
’ Dr. Miller stated that in the psychology of intellectual bias 
one may  study the individual or type in its relation to a variety 
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of ideas, or the idea in relation to a variety of individuals or 
types. Attempting the latter with the so-called ‘‘ideas of 
the French Revolution, ” liberty, fraternity, equality, reason, the 
natural goodness of man, and the rights of impulse, spontane- 
ously advocated in literature, we find that- different phases of 
these ideas must first be distinguished. As regards the ideas in 
these phases, the sympathy or antipathy of au’thors is found to 
depend in a determinate manner on the temperamental type. 

Dr. MacDougaU, in his paper discussing the organic levels 
in the evolution of the nervous system, said that the relation 
of organization to  discriminative reaction may be stated in 
terms of four types, the non-nervous, the ringed nervous, the 
segmented, and the cephalic. 

In his second paper, Dr. MacDougall said that by number 
habit is meant the distribution of frequency in the recurrence 
of each of the digits when the choice is determined by mental 
constitution rather than objective evidence. Previous reports 
have given two types, a curve (Minot’s) in which the changes 
from figure to figure are slight, presenting a high plateau in 
the middle of the series with a depression toward either end; 
and a curve (Dresslar’s and Sanford’s) in which maxima system- 
atically appear in the odd numbers and minima in the even. 
From an apparently similar series of guesses in the present case 
a curve was obtained presenting three different levels. Zero 
and five formed maxima in relation to which all the other 
digits fell in a low plateau, and of the rest the even numbers 
formed maxima and the odd mininia throughout. 

Dr. Montague stated that the new movement in favor of a 
relational theory of consciousness is to be welconied in the 
interest of a scientific psychology. It is, however, seriously 
hampered by a failure on the part of most of its advocates to  
realize the incompatibility of any form of idealism with the 
view that consciousness is a relation between its objects, and 
not something in which they adhere. Things must be before 
they can be related; hence if consciousness is a relation no 
object can depend for existence upon the fact that it is per- 
ceived. In short the realistic theory of the world is a necessary 
implication of the rela,tional theory of consciousness; while, 

The types were described. 
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conversely, if we follow common-sense in admitting the effective 
reality of both primary and secondary qualities, there will be 
no temptation to  treat consciousness as anything other than 
special relation between an organbm and its envirocnlent. 
Realism and the relational v i a  '-ol_,consciousness- are strictly 
cmelptive. T h e v  are different aspects of the same truth, ahii 
cannbt be defended or understood apart from one another. 

Dr. Judd stated that Wundt's ' critical realism is closely 
related in its fundamental positions to  James's recent yhilo- 
sophical discussions. Reality and ilnmediate experience are 
made synonymous by Wundt. The.'concept of consciousness 
is not like the concept matter of--the physical sciences, but 
includes only the immediate processes of experience in  their 
totality. On the basis of these closely related fundamentals 
Wundt develops the details of his system in such a way as to  
emphasize the distinctions between physical and psychical 
phenomena, while James strives to  minimize these distinctions. 

R. S. WOODWORTH, 
Secretary. 

BUSINESS MEETING. 

FEBRUARY 6, 1905. 

The Academy met a t  8. I 5 P.M., President Kemp presiding. 
The minutes of the last meeting were read and approveld. 
No business was reported from the  Council and the_ Academy 

adjourned. HERMON C. Bunwus, 
Recordiizg Secretary. 

SECTION OF GEOLOGY AND MINERALOGY. 

FERRUARY 6, 1905. 

Section met at 9.20 P.nl., President Kemp presiding. 
The minutes of t he  last meeting of the  Section were read and 

The following program was then offered: 
approved. 

George F. Kunz, (a) MOISSANITE, A CARBON SILICIDE FROM 
THE CARON DIABLO METEORITE (by title). 



NEW YORK ACADEMY OF SCIENCES 573 

George F. KUZ, (b) O N  ZIRKON FROM NEAR LAWTON, OKLA- 
HOMA (by title). 

title). 
(c) ON MONAZITE SAND FROM IDAHO (by 

V. F. Marsters, THE SERPENTINES AND ASSOCIATED ASBES- 
TOS OF BELVIDERE MOUNTAIN, VERMONT. 

Charles P. Berkey, INTERPRETATION OF CERTAIN INTERGLACIAL 
CLAYS AND THEIR BEARINGS UPON MEAS- 
UREMENT OF GEOLOGIC TIME. 

A. W. Grabau, EVOLUTION OF SOME DEVONIC SPIRIFERS. 

SUMMARY OF PAPERS. 

Dr. Marsters stated that Belvidere Mountain lies approxi- 
mately along the line between the counties of Orleans, Lamoille, 
and Franklin. It is a sharp-crested ridge with a maximum 
elevation of some 2100 feet above Eden Corners at its southern 
termination. Three topographic elements are prominent-a 
sharp-crested ridge forming the upper 900 feet of the mountain, 
a cresentric plateau with a flat top 1200 feet above the valley 
flmr and rimming the end of the mountain, and lastly a steep 
lower slope composing the foot of the plateau-and extending to 
the-valley bottom. 

The upper part with steep slopes is composed of amphibolite. 
In addition to the hornblende, which makes up seventy-five 
per cent. of the rock, there is also present an inconsiderable 
amount of epidote and ~ a non-pleochroic colorless mineral 
regarded as zoisite, together with magnetite and pyrite. Towards 
the base, garnet becomes a prominent constituent, sufficient 
to make a well-defined garnet zone. In  nearly all cases observed 
the garnet is largely altered to penninite, a variety of chlorite. 
Along the garnet zone the hornblende has also undergone 
marked alteration, in part to serpentine. The nose-like pro- 
jection forming the plateau is composed of serpentine. In  
this rock occur the so-called asbestos, deposits recently pros- 
pected and worked for this product. I n  thin section the 
serpentine appears t o  be made up largely of a felty and fibrous 
mass, apparent only under cross nicols. It 'is typical fibrous 



serpentine. In thin sections from the upper part of the pla- 
teau, and in close proximity to the overlying amphibolite, there 
appear shredded masses presenting the original structure of 
hornblende as seen in the amphibolite, but mineralogically 
altered to a fibrous mass with the optical characteristics of 
anthophyllite. It is not improbable, moreover, that  a portion 
of the hornblende has altered to tremolite. These fibrous 
constituents form the so-called “ slip-fibre.’’ 

The serpentine belt has ‘also been subjected t o  peculiar fault- 
ing and crushing. The cracks thus produced, even on a micro- 
scopic scale, have been Slled with these fibrous constituents 
and then the whole mass submitted to further slipping. This 
has caused the slickensiding phenomena on t h e  fracture planes 
and a consequent stretching of the fibrous content; hence the 
term “slip-fibre”. “Cross-fibre’’ or true thrysotile is to be 
found in this area. It is best developed along lines of maxi- 
mum fracture and minimum late‘ral thrust. There appear t o  
be two bands of maximum fracture, one stretching along the 
upper portion of the plateau and not far from the garnet 
zone, the second along the foot of the plateau and best shown 
on the property’ of Judge Tucker. 

Dr. Berkey said that  laminated clays of Glacial and Post- 
glacial age are abundant in many districts of the Northern 
States and Canada. They are especially abundant about the 
head of Lake Superior, where the origin of the deposits is 
intimately related t o  the closing fluctuations and final with- 
drawal of the Wisconsin ice-sheet. 

One of these deposits at Graantsburg,Wis., exhibits a remarkable 
uniformity of structure and is so clearly bounded by other accu- 
mulations of known significance that its history is readily inter- 
preted. From a detailed analysis of its laminated structure i t  is 
argued that  this deposit was about 1700 years in accumulating. 

A like interpretation of similar isolated deposits following 
the retreating ice-sheet would give data for time estimates 
from an entirely new standpoint. In  some areas laminated 
clays occupy interglacial positions, and i t  may be possible to  
apply the same method t o  them. 

The last paper of the evening was by  Professor Grabau, on 
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the evolution of some Devonic spirifiers. Spirifiey .iriucromtus 
(Conrad) is a Linnaan species comprising a large number of 
mutations. A remarkable fact is that  all mutations pass 
through a mucronate type such as is characteristic of the typical 
mutation after which the species is named. (T,he term muta-‘ 
tioiz is here used in the sense in which it was originally proposed 
by Waagen, and not in that in which it was subsequently used 
by De Vries; i.e., for the result and not for the process.) A 
still earlier stage in development (nepionic) shows the non- 
mucronate features of the ancestral species similar 20 S. duo- 
denarius of the Onondaga. The mucronate feature is carried 
to excess in a number of mutations of the Lower Hamilton 
group. It is especially persistent in the Michigan region. This 
type of outline is accompanied by a rib in the median sinus and 
a depression in the fold. In Ontario the primitive mucronate 
type gives rise upward to  a number of mutations which are 
especially characterized by progressive increase in height with- 
out corresponding lengthening of the hinge. The median 
plication and depression quickly disappear. 

Acceleration and retardation in development are the chief 
principles which explain the development of the great number 
of mutations. For the principle of retardation the term brady- 
genesis (from /3/J(ud;;, slow,) was proposed, corresponding to the 
term tachygenesis proposed by Hyatt for acceleration. 

In  the New York province-the primitive mucronate type 
gives rise t o  high and short-hinged mutations, but these retain 
the rnediin rib and depression. ‘In form these are tachygenetic; 
in respect to the surface features, bradygenetic. In the are- 
naceous beds of the later Hamilton in easfern New York, a 
mutation with many ribs and moderate mucronations exists. 
This is in many respects a bradygenetic type. 

Side by side with extremely accelerated or tachygenetic types 
in all horizons (i.e., very short-hinged, non-mucronate, high and 
thick mutations) occur slightly retarded or bradygenetic types, 
which retain in the adult the mucronate character which is 
typical of the young of all the mutations. 

A. W. GRABAU, 
Secretary. 
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SECTION OF BIOLOGY. 

FEBRUARY 13, 1905. 

Section met at 8.15 P.M., Professor Wheeler presiding. 
The minutes of the last meeting were read and approved. 
It was voted,tmpostpone the program of the evening until 

the M5rch- meeting; to enhble,%he members of the Section to  
attend a lecture9y ProfessQc Henlry B. Osborn, on the “ Evo- 
lution of the Horge,” in the-audltoz$gm pf the museum. 

M. A. BIGELOW, 
Secretary. 

SECTION dF ‘ANTHROPOLOGY AND PSYCHOLOGY. 

FERRUARY -27, 1905. -< 
<r - - .  

Section met at 8,20 P.M., Genera‘l Wilson presiding. 
The minutes of the last meeting of the Section were read 

The following program was then offered: 
and approved. 

Maurice Fishberg, ANTHROPOMETRY OF THE JEWS OF NEW 

R. S. Woodworth and ANTHROPOMETRIC WORK AT THE ST. 
YORR.  

,I Frank G. Bruner, LOUIS EXPOSITION. 

The Section met in conjunction with the American Ethno- 
logical Society. 

* SUMMARY OF PAPERS. 
Dr. Fishberg, in an interesting paper, stated that whether 

the Jews have maintained their racial purity to the present 
day is a question that can be examined by comparing the . 
physical type of Jew from different countries. Extensive : 
measurements of Jewish immigrants in New York from various 
countries of Eastern Europe show that the Jewish type in those 
countries is not Semitic, but varies in the different countries, 
always approximating, in stature and cephalic index, to the 
native or Christian population of the respective countries. 
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As many as possible of 
the racial groups represented at the Exposition were measured 
The best material was found amone the Philippine Islanders, 
of whom about 7 0 0  were measured. The Christianized tribes, 
such as the Tagalog, Pampango, Ilocano, Bicol, Visaya, were 
found very uniform in physical type. Measurements showed 
no clear evidence of differentiation among them. The average 
height of the several tribes differed but little from 161 cni., 
the cephalic index differs little from 83. etc. The Moros of 
RIindanao also are practically identical in physical type with 
the Christian tribes. The pagan Igorots and Bagobos seem 
to differ considerably from this type, especially in heightTwhich 
is about 1 5 5  cm.; while the Negritos were clearly marked off 
from all the rest by their kinky hair, small stature (144 cm.), 
broad nose, and small head in proportion to stature. 

Drs. Woodworth and Bruner said, 

R. S. WOODWORTH, 
Secretary. 

BUSINESS MEETING. 

MARCH 6, 1905. 

The Academy met at 8.15 'P.M. at the American Museum of 

The minutes of the last meeting were read and approved. 
The following names were then presented for election as 

Active Members, having been recommended by the Council : 

, Natural History, President Kemp presiding. 

William A. Anthony 
Charles M. Bergstresser 
R. A. Canfield 
Banyer ClarkSm 
Mrs. Farquhar Ferguson 
MTS. Theodore Kane Gibbs 
James B. Hammond 
Arthur B. Heinze 
George D. Hilyard 
Mrs. L. S. Hinchman 

Patrick Kiernan 

Cooper Union 
60 West 47th Street 
Providence, R. I. 
26 West 50th Street 
20 West 38th Street 
Newport, R. I. 
205 West 57th Street 
220 Madison Avenue 
144 East 49th Street 
3635 Chestnut Street, Philadel- 

1 4  East 83d St. 
phia, Pa. 
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Bradley Martin (Life) 

Henry V. A. Parsell 
Mrs. Edwin Parsons 
Miss Frances Pel1 
William, H. Perkins (Life) 
Gifford Pinchot, 1615 Rhode Island Avenue, 

Samuel Robert 906 Park Avenue 
George J. Seabury, 59 Maiden Lane 
Paul M. Warburg, 3 East 8zd Street 
Horace White, 18 West 69th Street 

James, F. Wilton 257 West 12th Street 

the above candidates. 

4 Chesterfield Gardens, hlayfair, 

770 West End Avenue 
326 West 90th Street 
206 Madison Avenue 
Park Avenue Hotel 

Washington. D.C. 

London 

ASSOCIATE ACTIVE MEMBER 

It was voted that the Secretary cast a unanimous ballot for 

There being no further business, the meeting adjourned. 
HERMON C. BufiiPus, 

Recordi;zg Secretary. 

SECTION O F  GEOLOGY AND MINERALOGY. 

MARCH 6, 1905. 

Section met at  8.45 P.M., Professor Stevenson presiding. 
The minutes of the last meeting of the Section were read and 

The following program was then offered: 
approved. 

E. P. Adams, ON THE ABSENCE OF HELIUM FROM CARNOTITE 
(by title). 

F. Wilton James, NOTES ON THE MINNEWASKA REGION OF 
ULSTER COUNTY, N. Y. 

A. A. Julien, DETERMINATION OF BRUCITE AS A ROCK- 
CONSTITUENT. 

SUMMARY OF PAPERS. 

Dr. Adams’s paper was read by title. 
The followhg brief account of his experiments was handed 

later t o  the Secretary: 
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“The experiments of Sir William Ramsay and Seddy on 
the formation of helium from t h e  radium emanation account 
very readily for the well-known fact that the minerals which 
contain helium in appreciable quant i ty  contain as well one or  
more of the radioactive_elements. It might therefore be ex- 
pected that  all radioactive minerals should contain helium. 

“I  have recently been testing various specimens of carnotite 
to determine whether or not helium is present in  them. Car- 
notite promises td become a n  important source of radium; 
certain specimens have been found which have a radioactivity 
1.6 times that of the metallic uraniuni, although it appears t o  
be difficult t o  obtain large quantities of mineral of this high 
activity. On heating k t  vaczul several grams of this  carnotite, 
considerable quantities of carbon dioxide and water were 
driven off, and when these were absorbed by caustic potash 

--and phosphorus pentoxide, respectively, only the  nitrogen 
spectrum could be observed in a vacuum tube connected to 
the pump. No trace of helium could be detected, although 
no difficulty was found in obtaining the helium spectrum when 
only a tenth as  much pitchblende, monazite sand, or thorianitel 
was used. 

“The quantity of gas which was obtained from this amount 
of Carnotite was so small that it was thought worth while to 
work with a larger quantity of the mineral. For this purpose 
300 grams of carnotite, of activity 0.8 times metallic uranium, 
was heated at a red heat i ~ z  vaczw for three hours, and after 
absorbing the carbon dioxide by caustic potash, about  10 C.C. 
of a gas remained. On sparking this, after adding oxygen, 
in order t o  absorb the nitrogen present, a rapid decrease 
in volume took place, and when finally the excess of oxygen 
was absorbed by means of phosphorus, only about 0.1 C.C. of a 
gas remained. This, when introduced into a spectrum tube, 
showed the characteristic red spectrum of argon. It was 
observed that  the greater part of t he  gas, aside from the carbon 
dioxide, was given off on the first gentle heating; and it is 

1 The recently discovered mineral, f rom Ceylon, containing about 7 5 %  
of thorium, was kindly supplied by Dr. George F. I h n z  for this purpose. 
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therefore probable tha t  the argon was associated with the air 
held in the powdered mineral which was completely driven off 
only upon heating it. 

“ It therefore appears that if helium is contained in carnotite , 
at all, it exists in far smaller amount than would be expected;’ 
from the quantity of radium present. But it is probable that 
this absence of helium may be explained by the physical proper- 
ties of the mineral. ’ Carnotite is a very fine powder which is 
usually found disseminated through sandstone. Now even 
the most compact specimens of this sandstone containing 
carnotite are quite permeable to gases. This was shown by 
closing one end of a glass tube with a piece of the mineral about 
2 cm. in thickness, and filling it with illuminating gas over 
water. In  a few minutes the water rose a distance of 6-7 cm. 
in the tube. If we then assume helium to  be formed in this 
mineral by the disintegration of the radium it  appears reason- 
able t o  suppose that it rapidly diffuses away. The minerals 
that contain helium are known to be massive, impervious 
substances, which are therefore able to  retain the helium formed 
in them. 
“This explanation of the absence of helium from, carnotite 

appears to be supported by the views of Travers’ on the state 
in which helium exists in minerals. According to him the 
helium is present in the minerals in a state of super-saturated 
solid solution; the minerals being impermeable to the gas at 
ordinary temperatures, the velocity with which equilibrium 
is established between the helium in solution and the helium 
in the gaseous phase is very small, but increases rapidly with 
rise of temperature. In the case of carnotite, however, the 
mineral is permeable to the gas at ordinary temperatures, and 
therefore we could not expect t o  find any appreciable amount 
of helium in this mineral.’’ 

Mr. James stated that the stripping of the grit from the 
crest of the second anticline of the Shawangunk Mountain 
(Darton, Rep. 47, N.Y. State Mus.) appears t o  be due to a 
slight cross fold by anticlinal fracture and erosion, as the rocks 
at the southwest end of the eroded area show an upward pitch. 

I Nature, Jan. 12, 1905. 
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Through this depression the Peterskill probably flowed, while 
its own valley and Coxing Clove were dammed by the front 
of the ice sheet, and cut then the Paltz Gap in the crest of the 
first anticline, 2 0 0  feet deep, through which the road to New 
Paltz now runs. 

The basin of Lake Minnewaska is vertically walled except 
at the southwest end. The cliffs are highest under Clifl House, 
where they stand 360 feet above the surface of the lake and 
65 feet below it. The grit is probably about 2 3 0  feet thick 
here. -Tke walls are pierced by four crevasses, now filled with 
drift,-€& remains of two fissures crossing each other at the 
deepest point in the lake, which is there 74  feet deep. There 
is no drift in the lake basin, not even under the south-facing 
cliffs, although the fissure running S. 25' W. is filled, and the 
transverse breach is blocked to 150 feet above the lake. The 
glaciation is here S. IOO W. The cause of the absence of drift 
is not clear; elsewhere the cliffs are heavily skirted. 

Lake Awosting lies along a vertical fault plane, drift-filled 
at both ends. The fault has not been studied. The north 
wall 01 the Palmaghat is a vertical fault of 2 0 0  feet throw. 
Both these faults seem to be derived fsom t h e  overthrown 
anticiine of the Coxingkill escarpment. Mr. Barton is in 
error in declaring the absence of extended faults. 

Dr. Julien, after a brief review of the life of Dr. Archibald 
Bruce of Ne* York City, the discoverer of brucite, discussed 
the fact of the wide distribution of the mineral, both in lime- 
stone and seGentinoids, either in its unchanged condition, 01- 
in the form of its derivatives, especially magnesite and hydro- 
magnesite, as maintained by Volger in 1855. 

The following are its most marked characteristics for recogni- 
tion as a rock-constituent: 

I .  I n  addition to  the known basal cleavage, two other 
systems may be distinguished on plates or folia: that of the 
hexagonal prism, often becoming rhombohedral, intersecting 
at 60° or 120'; and that of the hexagonal pyramid, intersecting 
at goo. 

2. Nemalitic structure or fibration, commonly occurring 
;in brucite. within serpentinoids subjected to dynamic stresses. 
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The major axis of elasticity always lies parallel to  the direction 
of the fibres. 

Refractive Index, 1.57, sufficient, where the associated 
rninerals,are pure, to distinguish it by the Becke method from 
serpentine on the one hand, and from amphiboles, dolomite 
etc., on the other. 

4. Birefringence ~ ( y- a = 0.020), presenting interference 
colors of the upper F+st Order up to sky blue of the lower 
Second Order, in plates or sections of the usual thinness. 

5. Characteristic strain phenomena; particularly by dis- 
turbance of the interference figure, examined by convergent 
light in basal cleavage plates of folia; also by a varikble, small 
extinction angle in sections parallel to the vertical axis. 

6. Optically positive character of the uniaxial figure, in 
distribution from talc, serpentine, etc. 

7. Occasional twinning, observed in crystals enclosed in 
limestone. 

8. Certain chemical tests, in confirmation of the optical 
diagnosis. 

The meeting then adjourned. 

3. 

A. W. GRABAU, 
Secretary. 

SECTTON OF BIOLOGY. 

MARCH 13, 1905. 

Section met at 8.1 5 P.M., Vice-president Wheeler presiding. 
The minutes of the last meeting of the Section were read and 

The following program was then offered: 
approved. 

L. I. Dublin, THE HISTORY OF THE GERM CELLS IN Pedicelli- 
na ameruana. 

FOUNDLAND (illustrated with lantern slides). 
TEMPERATURE AND MUSCLE FATIGUE (illustrated 

with lantern slides). 

F. A. Lucas, W H A L E S  A N D  W H A L I N G  ON THE COAST OF NEW- 

F. S. Lee, 
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SUMMARY OF PAPERS. 

Mr. Dublin described the history of the germ-cells in Pedi- 
cellina anrericana, giving special attention to  the chromatic 
changes. The somatic number of chromosomes is twenty- 
two. These bodies behave, throughout, very much as has 
been described by many workers on other forms; but in addition 
there has been observed a peculiar process in connection with 
the reduction of the chromosomes. These are V-shaped in  
the somatic cells and in the several generations of oogonia 
and spermatogonia with the exception of what appears to be 
the last. In this the number is still twenty-two, but they 
are bar-shaped. These divide and, either before or at the telo- 
phase, apparently unite end t o  end in pairs. t o  form eleven 
new V’s each bivalent as compared with the earlier structures. 
A longitudinal splitting of these loops, coincident with the 
extensive growth of the individuals, produces in the first matura- 
tion division eleven ring- or bar-shaped chiomosonles, each 
of which is structurally a tetrad. The first division is thus 
reducing; the second equational. The change in chromosome 
form in the last oogonial and spermatogonial generations is 
then clearly a striking adaptation to the subsequent synapsis 
or reduction, making the latter easily possible. 

Mr. Lucas gave an account of whales and whaling on the 
coast of Newfoundland, illustrating his remarks with stereop- 
ticon views of the whales and stages of their capture. Three 
species of whales were described: the finback, the humpback, 
and the sulphur-bottom, the first trv) being found on the south 
and east coast. the last one on the south coast only. The 
speaker then described the past and present methods of capture 
and utilization, saying that whales axe now worked up so rapidly 
that within forty-eight hours after one is brought t o  the whaling 
station it is reduced to  oil, fertilizer, and bone. The lecture 
closed with an interesting account of the method employed in 
making the mould of the large model of a whale shown by the 
National Museum in the exhibit at St. Louis. This was pos- 
sibly t h e  largest mould ever made, and the cast was the first 
accurate representation of a fully grown whale. 
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Professor Lee disiusskd temperature and muscle fatigue. He 
and qthers have previodsly pointed out that the contraction 
process of the muscles ok cold-blooded animals in the course 
of fatigue becomes greatly slowed, while those of warm-blooded 
animals show no such phenomenon. Lohmann has recently 
claimed that a cold-blooded muscle on being heated to a mam- 
malian temperature shows a course of fatigue similar t o  that of 
mammalian muscle; and, on the other hand, that a warm- 
blooded muscle on being cooled fatigues like the muscles of 
cold-blooded animals at a similar temperature. From these 
supposed effects he infers that in the matter of fatigue there is 
no real physiological difference between the two groups of 
muscle. Professor Lee has not been able to confirm Lohmann’s 
conclusions. Every variety of muscle which has been tested, 
whether of cold-blooded or warm-blooded animals, shows its 
characteristic method of fatigue, whatever the temperature 
may be. The original conclusion regarding the difference 
between the two groups of muscles seems, therefore, to be 
justified. M. A. BIGELOW, 

Secretary. 

SECTION OF ASTRONOMY, PHYSICS. AND CHEMISTRY. 

MARCH 20, 1905. 

Section met at 8.15 P. M., Vice-president von Nardroff pre- 

The minutes of the last meeting of the Section were read 

The following program was then offered: 

siding. 

and approved. 

S. A. Mitchell, 

George F. KWZ, 

THE SIXTH SATELLITE OF JUPITER. 

EXHIBITION OF THE U.S. GEOLOGICAL SUR- 
VEY RADIUM EXHIBIT, WHICH WAS SHOWN 
AT THE ST. LOUIS EXPOSITION. 

E. R. von Nardroff, A POCKET FORM O F  THE PIEZIC BAROMETER. 

L. G. Cole, RECTILINEAR RONTGEN RAYS. 
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SUMMARY OF PAPERS. L 

Dr. Mitchell gave an interesting account of the recent dis- 
covery of a sixth and also a seventh satellite of Jupiter by 
Professor C. D. Perrine at the Lick Observatory, and described 
the details of the photographic method by which these satel- 
lites were discovered last December and January. 

Dr. Mitchell also spoke of the discoveries of satellites of the 
other planets, including the ninth satellite of Saturn, which was 
found by Professor W. H. Pickering in August, 1899. 

Dr. vonNardroff defined the Piezic barometer as an instru- 
ment t o  measure the atmospheric pressure by meastiring the 
elasticity of a portion of air. In the small pocket form 
of the instrument exhibited, a piece of heavy barometer 
tubing, of 3 mm. bore and about 1 2  cm. long, was provided 
at its lower end with a pear-shaped bulb, having an inter- 
nal volume equivalent t o  about 7 0  cm. length of the tube. 
A t  its upper end the tube was provided with a second small 
bulb containing about I C.C. of mercury. Entering into the 
tube from above was a short tube having at its lower 
end a capillary opening. Through this tube the mercury was 
introduced. 

In using the instrument all the mercury is brought into the 
upper bulb by inverting. The instrument is then turned into 
the erect postion, when the mercury enters the main tube a few 
centimeters, the exact distance depending upon the atmospheric 
pressure. The less the pressure, and hence the less the elasticity 
of the air, the more the mercury will Fnter. The mercury 
stands in the upper portion of the tube.'and partly-in the upper 
bulb, without any tendency to  r u ~  down the sides of tl>e&be. 
A scale on the main tube drawn by coirzparisoit with a standard 
barometer indicates the prejsure. 

To understand the theory of the instrument assume the 
lower bulb replaced by a continuation of the barometer tubing 
of equal volume. Let b stand for the standard barometer 
height, m for the length of the thread of wercury entering the 
tube, and a for the length of the column of compressed air. 
Then from Boyle's law ( p  = p'v') we have 

_. - 
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b (a + nz) = (b  -l- m) a, 
b = a, 

and hence 
ab = Aa. 

That is, the divisions of the scale on the Piezic barometer are 
of the same size as those on the ordinary barometer. HOK- 
ever, in practice the upper bulb always contains some mercury 
after the air is entrapped. The general effect of this is t o  make 
An < ab. 

Dr. Kunz described the object of and the success of the radium 
exhibit, stating that  many of the most eminent investigators, in- 
clFding Sir William Crookes and Professor Rutherford, had sent 
their original material. The collection was shown in an upper 
hall of the museum. There was also exhibited the Kunz 1081- 
pound mass of Cafion Diablo meteoric iron, the largest mass 
known of this qgieoric iron. Dr. Kunz stated that Professor 
Henri Moissan of Paris had discovered, in dissolving 183 pounds 
of this material (Cadon Diablo meteorite), not only crystalline 
diamonds, but the crystalline substance carbon silicide, never 
before discovered as a natural product, but extensively manu- 
factured and used in the arts under the name of carborundum. 
In  view of the many eminent discoveries of Professor Moissan 
in the field of chemistry and electro-metallurgy, as well as in 
the study of meteorites and of diamond formation, Dr. Kunz 
suggested that this mineral be named iizoissanite in his honor. 

Dr. Cole in his paper said that the immediate discharge 
from an X-ray tube consists of two distinct classes of so-called 
rays-direct and indirect. The direct rays have their inception 
at the focal point of the anode and radiate in direct lines and 
are not reflected or deflected and do not set up secondary rays, 
but are absorbed by  the tissue of the body in proportion to the 
amounts of solid contained therein. 

The indirect rays radiate from the walls of the tube and are 
projected at  various angles, causing secondary rays in objects 
with which they come in contact, especially the soft tissue, 
and give great penetration. .The effect attained depends on the 
amount of current, frequency of interruption, and molecular 
action of glass. 
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Dr. Cole then described the life history of a tube, stating 
that definite changes occur in a tube when used, including a 
cisis, and explained the difference between the action of new 
and seasoned tubes and the difficulty of exciting very old tubes. 

He also gave his opinion of the cause of the purple color 
of the glass of a tube and suggested that there is a molecular 
rearrangement of glass similar to that occurring in steel when 
magnetized. In a new tube the direct rays amount to 30  to 
40 per cent., while--in some seasoned tubes as much as 75 to 
go per cent. Furthermore the indirect rays project them- 
selves behind the bones, causing a lack of definition of bones 
and obliteration of detail of soft parts, while direct rays give 
detail in soft parts, showing even the blood in the veins. 

C. C. TROWBRIDGE, 
Secretary. 

SECTION OF ANTHROPOLOGY AND PSYCHOLOGY. 
MARCH 27, 1905. 

Section met in two sessions, at 2.30 and 8.15 P.M., at the 
Psychological Laboratory of Yale University, New Haven, 
Conn., in conjunction with the New York Section of the Ameri- 
can Psychological Association, Vice-president F. J. E. Wood- 
bridge presiding. 

The minutes of the last meeting of the Section were read 
and approved. 

The following program was then offered : 
At the afternoon session: 

Raymond Dodge, 

Charles H. Judd, 
E. H. Cameron, 
F. Lyman Wells, 
Naomi Norsworthy, MENTAL GROWTH I N  DEFICIENT CHILDREN. 

Frank G. Bnmer, RACIAL DIFFERENCES !N THE UPPER LIMIT 

G. Cutler Fracker, TRANSFERENCE OF PRACTICE. 

CENTRAL ANWSTHESIA DURING EYE MOVE- 

MOVEMENTS OF CONVERGENCE. 
VARIATIONS IN SUNG TONES. 
PERCEPTION OF LINGUISTIC SOUNDS. 

MENT. 

At the evening session: 

OF AUDIBILITY. 
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J. McKeen Cattell, PRACTICE AND TRAINING. 
L. A. Weigle, STUDIES IN READING ALOUD. 
W. L. Sheldon, CHANCE. 
W. P. Montague, TYPES OF MONISM. 

No abstricts of these papers have been received. 
R. S. WOODWORTH, 

Secretary. 

BUSINESS MEETING. 
APRIL 3, 1905. 

The Academy met at 8.15 P.M., at the American Museum 

The minutes of the last meeting were read and approved. 
The following names were then presented for election as 

Active Members, having been reconimended by the Council : 

of Natural History, President Kemp presiding. 

Francis J. Arend 
S. T. Armstrong,. M.D. 
S. P. Avery, Jr. 
H. R. Bishop 
Zenas Crane (Life) 
H. L. Dougherty 
George E. Dunscombe (Life) 
Rev. M. E. Dwight 
Ad. Engler 
Charles S. Fairchild 
Ernest F. Greeff 
William Guggenheim 
E. H. Harriman 
Dr. Louis Haupt 
Selmar Hess 
George B. Hopkins (Life) 
Thomas H. Hubba.rd (Life) 
Archer M. Huntington (Life) 

Walter R. T. Jones 
John B. Lawrence 
Marshall C .  Lefferts 

32 West 73d Street 
141 Broadway 
4 East 38th St. 
36 East 62d Street 
Dalton, Mass. 
Engineers’ Club, N.Y. City 
392 Canal Street 
3 1  Mt. Morris Park West 
437 West 23d Street 
10 West 8th Street 
37 West 88th Street 
833 Fifth Avenue 
I East 55th Street 
232 East 19th Street 
956 Madison Avenue 
25 West 48th St. 
16 West 53d Street 
“Pleasance,” Baychester, N.Y. 

City 
51 Wall Street 
126 East 30th Street 
34 East 65th Street 
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Alfred LeRoy, 
James Loeb (Life) 
Walter Luttgen 
Robert F. Rlager 
William Church Osborn 
Henry Parish 
H. F. Poggenburg 
Henry W. Poor 
M. Taylor Pyne (Life) 
Samuel Riker 
Miss Jane E. Schmelzel 
Mrs. Cynthia A. Wood 

I 17 Wall Street 
Shrewsbury, N. J. 
Linden, N. J. 
423 West 147th Street 
7 1  Broadway 
52 Wall Street 
111 East 69th Street 
I Lexington Ave. 
Princeton, N. J. 
27 East 69th Street 
16 West 56th Street 
I I 7 West 58th Street 

It was voted that the Assistant Secretary cast a unanimous 

There being no further business the meeting adjourned. 
ballot for the above candidates. 

HERMON C. BUMPUS, 
Recording Secretary. 

SECTION OF GEOLOGY AND MINERALOGY. 

APRIL 3, 1905. 

Section met at 8.30 P.M., Professor Stevenson presiding. 
The minutes of the last meeting of the Section were read and 

The following program was then offered: 
approved. 

James F. Kemp, PHYSIOGRAPHY OF THE ADIRONDACKS (with 
lantern illustrations and map). 

Charles P. Berkey, PALEOGRAPHY OF NORTH AMERICA DURING 

MID-ORDOVICIC TIME (illustrated by maps, 
diagrams and lantern views). 

EXHIBITION OF PHOTOGRAPHS OF MOISSAN- 
ITE CRYSTALS SENT BY PROFESSOR MOIS- 

George F. Kunz, 

SAN. 

SUMMARY OF PAPERS. 

Professor Kemp discussed the physiogr&phy of the Adiron- 
dacks as follows: 
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The Adirondacks cover some 10,000 square miles, and, ex- 
cept for the White Mountains of New Hampshire and the Blue 
Ridge of North Carolina, are the loftiest summits east of the  
Black Xills of South Dakota. They are metamorphosed 
Precambrian sediments and eruptixres hiith a 'surrounding fringe 
of Paleozoics, beginning with the Potsdam and ending with 
the Utica, except for the Glacial drift.. The eastern portion is 
mountainous, the western a high plateau which slopes to  Lake 
Ontario. Three peaks exceed 5000 feet. The general profile 
of the mountains is serrate. but there is great variety of shape. 

One, doubtless- 
an instance of great geological antiquity. presents gentle slopes 
and great maturity of form. Its members run east and west, and 
north and south, and are occupied in some cases by the larger 
lakes. 

The 
valleys have on one or both sides precipitous escarpments. 
The cliffs run northeast and southwest or northwest and south- 
east. A third series of breaks running nearly due north is 
also at times in evidence. The faults are most often the result 
of differential movements causing even a marked sheeting of 
the rocks. The faults run out into the Paleozoic areas, and 
are shown with diagrammatic distinctness, where they have 
been especially described by H. P. Cushing. 

The problem of the drainage is of especial interest. All 
the waters go ultimately either to the Hudson or the St. Law- 
rence. The courses of the large streams follow sometimes 
the older type of valleys, sometimes the later. Bamers of 
drift have often driven them from their old lines across low, 
preglacial divides into new ones. The courses of the Hudson 
and Sacondaga are particularly striking illustrations, each 
exhibiting one or more marked bends t o  the eastward. 
The courses of the two were described and discussedinsome 
detail. 

The different types of lakes were also described, including 
the ponded river valleys from barriers of drift; the fault valleys; 
and the relations t o  the older type of depression. 

The nature of the ice invasion and its modifying effects were 

There are two contrasted types of valleys. 

The second type is more recent, and is due t o  faulting. 
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passed i~ review, chiefly along the work of I. H. Ogilvie. With 
a brief statement of the postglacial lake-fillings, etc., which 
have been especially set forth by C. H. Smyth, Jr., the paper 
closed. 

A brief discussion followed. 
Dr. Berkey said that both Cambric and Ordovicic strata 

contain prominent sandstone formations alternating with 
dolomites wherever exposed in Michigan, Minnesota, Wis- 
consin, Iowa, Illinois, Missouri, Arkansas, and Indian Territory. 
The northern margin, however, is prevailingly more arenaceous 
than the southern, where shales replace many sand beds. A t  
still greater distance, in Ohio, Kentucky, and Tennessee, these 
are in turn represented by limestones largely. 

This sand- 
stone, its well as each of the more important ones below, is 
believed to represent an extensive retreat and readvance of 
the sea. Few marks of the erosion interval are preserved 
Only here and there has the mantle of sand permitted much 
attack upon the underlying dolomite, and the reworking of 
the sands themselves has obliterated most internal evidence 
of such history. 

The rework- 
ing by the sea and the wind is believed to be the chief cause 
of the ex. 'erne purity of the St. Peter. 

The St. Peter stage of the Ordovicic, therefore, represents a 
retreat of the hlississippian Sea from the vicinity of Lake Supe- 
rior t o  probably as far as Ohio, southern Illinois, and Arkansas, 
followed by a readvance t o  nearly its original position. The 
northern part of the St. Peter contains within itself therefore 
a sedimentary break. In part it is both older and younger 
than the same formation in its southern extension, while, on 
account of the reworking accompanying the sea advance. 
there is greater conformity with overlying than with underlying 
beds. 

Dr. Berkey's paper was followed by a brief discussion, after 
which the Section adjourned. 

The uppermost one of the series is the St. Peter, 

Much of the sand, furthermore, is wind-blown. 

A. W. GRABAU, 
Sccretclt 1'. 
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SECTION OF BIOLOGY. 
APRIL 10, 1905. 

Section met at 8.15 P.M., Vice-president Wheeler presiding. 
The minutes of the last meeting of the Section were read and 

The following program was then offered; 
approved. 

H. F. Osborn, THE IDEAS AND TERMS OF MODERN PHILOSOPHICAL 

0. P. Bay, 
ANATOMY. 

THE TURTLES OF THE BRIDGER BASIN. 

SUMMARY OF PAPERS. 
The abstract of Professor Bsborn’s paper will be published 

under its own title in Science. 
Dr. Hay gave a brief description of the extent of the Bridger 

beds and of the nature of the materials composing them. 
He expressed the conviction that these deposits had not been 
made in a lake, but over the flood-grounds of rivers. The 
region was probably covered with forests, and teemed with 
animal life. In the streams were numerous turtles. Many 
species of these have been described by Dr. Leidy and Professor 
Cope. In the speaker’s hands are materials for the description 
of about a dozen more species. The American Museum party 
of 1903 collected many specimens of the genus and these have 
furnished good skulls, neck, shoulder, and pelvic girdles, and 
the limbs. These materials confirm the validity of Lydekker’s 
group called Amphichelydia, and show that from it  sprang 
the modern superfamilies Cryptodira and Pleurodira. 

M. A. BIGELOW, 
Secretary. 

, SECTION OF ASTRONOMY, PHYSICS, AND CHEMISTRY. 
APRIL 17, 1305. 

Section met at 8.15 P.M., Vice-president von Nardroff pre- 

The minutes of the last meeting of the Section mere read 

The following program was then offered 

siding. 

and approved. 
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S, ‘A. Mitchell, PURPOSES AND PLANS OF THE SOLAR ECLIPSE 
EXPEDITIONS OF AUGUST, 1905. 

-0. C. Trowbridge, VARIATIONS I N  THE DURATION OF THE AFTER- 
GLOW, PRODUCED BY CHANGES OF POTEN- 
TIAL, A N D  FREQUENCY OF OSCILLATION OF 

THE DISCHARGE. 
No abstracts of these papers have been received. 

CHARLES C. TROWBRIDGE, 
Secretary. 

SECTION O F  ANTHROPOLOGY AND PSYCHOLOGY. 

APRIL 26, 1905. 

Section met at 8.1 5 P.M., Vice-president Woodbridge presiding: 
The minutes of the last meeting of the Section were read 

The following program was then offered: 
and approved. 

Berthold hllfer, THE RELATION OF CHINASTO THE PHILIPPINE 

ISLANDS. 

OF THE CENTRAL ALGONKINS. 

OF THE SOUTHWEST. 

THE LOWER COLUMBIA VALLEY. 

Jones, THE RELIGIOUS CONCEPTION OF THE M A N I T O U  

George H. Pepper, SYmoLIc DESIGNS ON THE IKDIAN TEXTILES 

Harlan I. Smith, STONE SCULPTURES AND IMPLEMENTS FROM 

The Section met in conjunction with the American Ethno- 

No abstracts of these papers have been received. 
logical Society. 

R. S. WOODWORTH, 
Secretary. 

BUSINESS MEET1 N G . 
MAY I ,  1905. 

The Academy niet at 8.15 P.M., at the American Museum of 

The minutes of the last meeting were read and approved. 
Natural History, President Kemp presiding: 
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The following names were then presented for election as 
Active Members, having been approved by the Council : 
Edwin H. Brown Wantagh, L.I. 
H. A. DuPont Winterthur, Delaware 
Dr. Samuel M. Evans 
Robert Hoe, Jr. 
Francis T. Maxwell Rockviile, Conn. 
Herman A. Metz 253 Clinton Avenue, Brooklyn 
Lewis R. Morris 155 West 58th Street 

ASSOCIATE ACTIVE MEMBERS 
Thomas C. Brown Columbia University 
Clarence E. Gordon Columbia University 

ballot for the above candidates. 

115 East 39th Street 
21 Mt. Moms Park 

It was voted that the Assistant Secretary cast a unanimous 

The Academy then adjounled. 
HERMON C. B U M P U S ,  

Recordiizg Secretary. 

SECTION O F  GEOLOGY AND MINERALOGY. 
MAY I ,  1905. 

Section met a t  8.30 P.M. ,  Vice-president Kovey presiding. 
The minutes of the last meeting of the Section were read 

The following program was then offered: 
and approved. 

J. Howard Wilson, THE PLEISTOCENE BEDS OF SAEJEATY HEAD, 

C. E. Gordon, EARLY STAGES OF SOME PALEOZOIC CORALS. 
Thomas C. Brown, A NEW TERTIARY FAUNA FROM THE ATLAN- 

TIC COAST PROVINCE. 
C. A. Hartnagel, STRUCTURAL RELATIONS AND ORIGIN OF THE 

LIMONITE BEDS AT CORNWALL,  N.Y. 
A. W. Grabau, TYPES OF SEDIMENTARY OVERLAP.  

NANTUCKET. 

S U M M A R Y  OF PAPERS.  

Mr. Wilson, in his paper, said that when Sankaty Head, 
Nantucket, was first visited by early explorers the section at 
that  locality was kept freshly exposed by the cutting bzck 
of the bluff by the sea, but for quite a period of years this has 
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been prevented by the northward extension of the Siasconset 
apron beach, so that the face of the bluff is now corered xith 
talus and overgrown with beach grass. 

The locality was visited during the summer of 1904, and 
considerable work done in exposing the section and making a 
collection of the fossils. 

This work resulted in the collection of eighty-one species, 
twenty-one of which had never been reported from this point, 
including Pandora crassidens Conrad, not previously found in 
any horizon above the Miocene, and Serrepes laperousii Des- 
hayes and Macmna iwongrw von Martens, belonging to the 
Arctic fauna of the Pacific coast and not heretofore reported 
east of Point Barrow. 

A number of facts difiefing- somewhat from those reported 
by former observers were, noticed, ahd have resulted in a some- 
what different interpretation for the phenomena presented by 
these deposits. 

The deposits are not of glacial origin, for-1. Numerous 
delicate and unworn shells occur. 2. Bivalves such as Solen, 

' Venus, and Mya occur in the position in which they lived, with 
both valves together, and in the case of Venus with the ligament 
in place. 3. The faunas are not mixed as would be the case if 
of glacial origin, the lower beds containing shoal water species 
of a southern range, and the upper, deeper water species of a 
northern and even Arctic .type. 

The lower beds were deposited in a shallow inlet or lagoon, 
as shown by  such species as Mya, Ostrea, and Venzis and 
especially by numerous mud crabs and the presence of our 
edible crab, Callinectes sapidus, while the upper beds were 
deposited during a subsidence of the area contemporaneous 
with the advance of the Wisconsin ice sheet, as shown by the 
deeper water and more northern species. 

After the destruction and washing into the lagoon of the 
protecting barrier beach, as shown by the overlying rounded 
and pure whitesands, the ice reached and passed this point, 
eventually burying the beds under fifty feet or more of drift. 
Later, a re-elevation took place, bringing the land to about its 
present position. 
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Mr. Gordon stated tha t  J. E. Duerden, in the Johns Hopkins 
University Circular for 1902, has endeavored to show by studies 
based on Lophophyllvtn proliferum that the Rugosa exhibit 
a hexameral plan of growth of the primaty septa, in so far as 
L. proliferum may be taken as representative. Certain studies 
on Streptelasma profundurn show a primary tetrameral plan. 
The fact t ha t  S. profundunz is a nliddle Ordovicic type indicates 
that this is the primitive condition. Moreover, a careful exam- 
ination of Duerden’s figures shows that they lend themselves 
to  an entirely different interpretation from t h a t  which Duerden 
gives. This interpretation is that two of the so-called primary 
septa are secondary septa precociously developed; that their 
sequence and ultimate position are the same as  those for the 
secondary septa which appear in the  corresponding positions 
in the. corresponding quadrants of a Zaphrentoid coral ; that 
the fossula and cardinal septum are on the concave side of the 
corallum: and that if Duerden’s figures be inverted they reveal 
a perfect similarity to a Zaphrentoid coral, as far as the order 
of appearance and the arrangement of the septa are concerned. 

it is a modified type of the Zaphrentoid coral, the  first secondary 
septa appearing in nepionic stages and thus simulating the 
character of primary septa. 

Mr. Brown stated that a few years ago, while studying the 
Cretacic deposits of Long Island, Block Island, and Martha’s 
Vineyard, Dr. Hollick of the New York Botanical Garden made 
a collection of fossil molluscs and plants from Chappaquid- 
dick Island. The fossil molluscs were deposited in the Colum- 
bia University collection without being fully and carefully 
studied. 

These fossils occur in the island in ferruginous concretions. 
They seem t o  have been deposited somewhere to the north of 
where they are now found, then moved as glacial drift, re- 
assorted and deposited in their present position. From their 
lithological similarity to concretions containing undoubted 
Cretacic fossils found elsewhere on Martha’s Vineyard, Dr. 
Hollick thought that these concretions and their contained fos- 
sils must be of Cretacic age. 

The fact t ha t  L. proliferum is a Carbonic type indicates that ‘ 
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Professor Shaler in his geological studies of Martha's Vineyard 
noted the occurrence of these concretions and their similarities 
to the Cretacic drift, but being unable to find any distinctive 
organic remains hesitated to set them down as Cretacic. 

Dr. Hollick submitted these fossil molluscs to Professor 
R. P. Whitfield of the American Museum of Natural History 
for a hasty examination. Professor Whitfield, after placing 
several of the fossils ge'nerically, stated that from their evidence 
he should think the rocks could hardly prove to be Cretacic. 

A careful study of the fossils has shown that this material 
is not Cretacic but Eocene in age. This fauna from Chappa- 
quiddick represents a new and distinct Eocene province, differ- 
ing from all the other Eocene provinces of the Atlantic coast, 
but no more widely different from these than they are from 
one another. Although in this fauna there are several species 
somewhat resembling those of the provinces to  the south, on the 
whole it would seem to  be more closely allied to the Eocene of 
England. The-genera most abundantly represented in these 
Chappaquiddick deposits, e.g., Modiola, GZycymeris, are also 
among the most abundant in the English deposits. These 
same genera, although represented. in the Atlantic and Gulf 
provinces, are there more sparsely distributed and occur with 
other more abundantly represented genera that appear t o  be 
altogether wanting in the Chappaquiddick deposits. 
R comparison of this Chappaquiddick fauna with other 

Eocene faunas indicates that it is of lower Eocene age, the 
species most closely resembling those found in this fauna being 
found in the lower beds of the Atlantic and Gulf provinces, 
the Tejon of California and the lower beds of England. These 
deposits may possibly be of the same age as the Shark River 
beds of New Jersey, but being deposited in a region separated 
from this have no forms in common with it. But such corre- 
lation could be only conjecture. As the correlation of the 
well-known Eocene deposits is even yet very uncertain'it i> 
unnecessary and impossible to place these beds any more defi- 
nitely than simply to  say that they are Lower Eocene. 

Mr. Hartnagel's paper stated that the limonite at the Town- 
send iron mine near Cornwall in Orange county, New York, is 
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found at the base of the New Scotland beds, where the latter 
are in contact with the Longwood and shales. The source of 
the iron is evidently from, the red shales, but whether the con- 
tact was due to overlap or faulting has not been previously 
explained. Two thirds of a mile north of the mine the Decker 
Ferry, Cobleskill, Rondout, Manlius and Coeymans formations, 
having a total thickness of ninety-five feet, are found between 
the New Scotland and Longwood beds. In the region of the 
mine the strata are nearly vertical, and in faulting a wedge- 
shaped block has been forced up, bringing the red shales in 
contact with the New Scotland beds. A cap of limestone has 
until recent geologic times protected from erosion the mass of 
soft Longwood shales, which now form a steep hill that is rapidly 
being worn away. 

In discussing types of sedimentary overlap, Dr. Grabau 
said that with a normal sea-shore a rising sea-level will pro- 
duce the phenomenon of progressive overlap, a falling sea-level 
that of regressive overlap. If the sea transgresses slowly, and 
the rate of supply of detritus is uniform, a basal rudyte or arenyte 
is formed which rises in the column as the sea advances, and 
whose depositional off-shore equivalents are successive bed? 
of lutytes or organic deposits (biogenics). Types of such 
basal beds which pass diagonally across the time scale are 
seen in the basal Cambric arenytes of eastern North America, 
which as the Vermont Quartzyte are Lower Cambric, and as 
the Potsdam are Upper Cambric. Again in the basal Cretacic 
arenyte of southwestern United States, this i s  shown, they 
being basal Trinity in Texas, Washita in Kansas, and Dakota 
or later on the Front Range. Examples of this type of pro- 
gressive overlap are numerous and familiar. On an ancient 
pemeplain surface the transgressing sea may spread a basal 
black shale, as in the case of the Eureka (Noel) Black shale, 
which is basal Choteau in southern Missouri and basal Burlington 
in northern Arkansas. Regressive movements of the shore 
succeeded by transgressive movements give us arenytes which 
are enclosed in offshore sediments and which within them- 
selves comprise an hiatus the magnitude of which- diminishes 
progressively away from the shore. An example of this has 
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recently been discussed by Berkey,' who finds that the St. 
Peter Sandstone in Minnesota marks the interval from lower 
Beekmantown t o  upper Stones River, which interval is repre- 
sented by several thousand feet of calcareous sediments in other 
regions distant from the shore of that time. 

In marine transgressive overlaps, later members overlap 
earlier ones toward the source of supply, ie. ,  towards the old- 
land. In non-marine progressive overlaps, later members 
overlap the earlier ones away from the source of supply. Thus 
in a growing alluvial cone, the later formed beds will extend 
farther out on to  the plain away from the mountain. If several 
successive fans of this type are formed one above the other, 
owing to successive elevations of the source of supply, only the 
latest beds of each delta will be found on the outer edge of this 
compound delta, the hiatus between the beds being further 
emphasized by the erosion which the last bed of the first delta 
underwent during the time that the early beds of the sccond 
delta were deposited nearer the source of supply, i.e., before the 
last bed of the second delta covered up the remnant of the last 
bed of the first delta and thus protected it from further erosion. 
A good example of this type of overlap appears to  be presented 
by the Pocono, Mauch Chunk, and Pottsville beds of the Appa- 
lachim region. These formations are, with exception of the 
negligible Greenbrier member, of non-marine origin, repre- 
senting the wash from the growing Appalachians. In western 
Pennsylvania only the latest beds of each (bamng portions 
removed by erosion between the deposition of the successive 
fans) are found resting one upon the other, the interval between 
the beds becoming less and less toward the anthracite regions. 

A. W. GRABAU, 
Secretary. 

SECTION OF BIOLOGY. 

MAY 8, 1905. 

Section met a t  8.15 P.M., Vice-president Wheeler presiding. 
a See ante, p. 591, April meeting. 
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The minutes of the last meeting of the Section were read and 

The followrng program was then offered: 
approved. 

E. B. Wilson, O,BSERVATIONS ON THE CHROMOSOMES IN 

H. E. Crampton, CORRELATION AND SELECTION. 
HEMIPTERA. 

SUMMARY OF P A P E R S .  

Professor Wilson’s payer presented the results of an examina- 
tion of the mode of distribution of the chromosomes to the 
spermatozoa in Lygczus tztrcicus, Ccznus delius, Podisus spitzosz~s 
and two species of Ezichistus. In none of these forms is an 
accessory chromosome (in the ordinary sense) present, all of the 
spermatozoa receiving the same number of chromosomes, which 
is one half the spermatogonial number (the latter number is 
in Podisus sixteen, in the other forms fourteen). In  all these 
forms, however, an asymnetry of distribution occurs such that 
two classes of spermatozoa are formed in equal numbers, both 
receiving a ring of six chromosomes (in Podisus seven) that 
are duplicated in all the spermatozoa, and in addition a central 
one which in one half the spermatozoa is much smaller than 
in the other half. These corresponding but unequal chromo- 
somes (which evidently correspond to some of the forms described 
by Montgomery as “chromatin nucleoli” and agree in mode of 
distribution with that which this author has described in the 
case of Eztchistzts tristigmus) may be called the “idiochromo- 
somes.” They always remain separate in the first division, 
which accordingly shows one more than one half the sper- 
matogonial number of chromosomes, but a t  the close of this 
division conjugate t o  form an asymmetrical dyad, the number 
of separate chromatin-elements being thus reduced from eight 
to seven (in Podisus from nine to  eight). A reduction of the 
number to seven in the first division, such as has been described 
by Montgomery as an occasional or usual process in Euchistus 
and Canus, was never observed. In the second division the 
asymmetrical idiochromosome-dyad separates into its. unequal 
constituents, while the other dyads divide symmetrically. 
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One half the spermatozoa, therefore, receive the large idio- 
chromosome and one half the small, the other chromosomes 
being exactly duplicated in both. 

Correlated with this asymmetj  of distribution is the fact 
that the spermatogonial chromosome-groups do not show two 
equal nlicrochromosomes (as is the case in such forms as Alzasa, 
Alydzts or Protenor, where an accessory chromosome is present) ; 
but only one, which is obviously the small idiochromosome, 
the large one not being certainly distinguishable a t  this period 
from the other spermatagonial chromosomes. The final synap- 
sis of the idiochromosomes is deferred to the prophases of the 
second division, somewhat as that of the two equal mi&-- 
chromosomes is deferred until the prophase of the first divi- 
sion in Anasa, Alydus and some other forms. A remarkable 
result of the difference in this regard between the forms that 
possess and those that lack a true accessory chromosome is that 
in the former case (Anma, Alydus, etc.) the first division of 
the small central chromosome is a reduction-division and the 
second an equation-division; while in the latter case (Lygaus, 
Cmzus, etc.) the reverse order manifestly occurs. The relation 
of these observations t o  earlier ones by Paulmier, Montgomery, 
and others was pointed out, with a discussion of their bearing 
on the Mendelian phenomena of heredity and the problem of 
sex- determinatiGn. 

Professor Crampton presented briefly sonie of the conclusions 
drawn from the results of his work upon variation, correlation, 
and selection among saturnid lepidoptera. The earliest studies 
showed that eliminated individuals, when compared with 
similar members of ihe same group that survive, prove to be 
more variable and of somewhat different pypes, although this 
relation between variability and selectior$ is not, ,a constant . 

one. T i e  characters utilized for these preliminary studies, 
namely, certain pupal dimensions and proportions, were of such 
a nature that they could not serve the pupa directly in any 
functional manner; wherefore it was concluded that their con- 
dition of correlation formed the actual basis for the selective 
prscess, formative correlation being also distinguished from 
functional correlation. That the general condition of corre- 
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lation among the structural characters of pupa: formed, indeed, 
the basis for selection was further indicated by the results of 
a statistical study of the correlations between V&OUS charac- 
teristics of pupal groups from several different animal series ; 
although an advantage did not always appear in favor of the 
surviving group. On the basis of the foregoing, a general 
theoretical conception was developed, according to which the 
whole series of internal elements and the whole series of external 
influences were regarded as involved in the determination of the 
general condition of correlation or co-ordination that formed the 
basis for selection, as adaptive or the reverse. 

M. A. BIGELOW, 
Secretary. 

SECTION OF ASTRONOhW, PHYSICS, AND CHEMISTRY: 

MAY 15,  1905. 

Section met at 8.15 P.M., Vice-president von Nardroff presiding. 
The minutes of the last meeting of the Section were read and 

The following program was then offered: 

IN FLAMES. 

Low PRESSURES. 

approved. 

I. L. Tufts, RELATION BETWEEN IdNIZATION AND COblBUSTION 

E. L. Hendren, RATE OF RECOMBINATION OF GASEOUS IONS AT 

No abstracts of the above papers have been received. 
CHARLES C. TROWBRIDGE, 

Secretary. 

BUSINESS MEETING. 

OCTOBER 9, 1905. 

The Academy met at 8.15 P.M., at the American Museum of 

The minutes of the 1st meeting were read and approved. 
The following names were then presented for election as 

Active Members, having been recommended by the Council : 

Natural History, President Kemp presiding. 
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Elizabeth Billings 279 Madison Avenue 
May Cline Harmony, N. J. 
Guy W. Culgin 
C .  Temple Emmet 
Alfred Taggart Millroy 

Henry Clay Pierce 
A. M. Fernandez Ybarra, 

Roland M. Harper 
A. E. Stevenson 

ballot for the above candidates. 

I 3 3 West I 29th Street 
Stony Brook, L.I. 
53 Guilford Street, London, 

Waldor f- Astoria 
3 14 Second Avenue 

College Point, N.Y. 
568 West End Avenue 

W.C. 

ASSOCIATE ACTIVE MEMBERS 

It was voted that the Assistant Secretary cast a unaninious 

There being no further business, the m e e t i e  adjourned. 
H E R M O ~ .  BUMPUS, 

1. Reccnding Secretary. 

SECTION OF GEOLOGY AND MINERALOGY. 

OCTOBER 9, 1905. 

Section met at 8.15 P.M., Vice-president Hovey presiding. 
The minutes of the last meeting of the Section wgre read and 

approved. 
A public lecture was then delivered by Professor Robeq T. 

HjJl,.on “THE REPUBLIC OF MEXICO; ITS PHYSICAL AND Eco- 

The meeting was held in the large lecture hall’of the Ameri- 
Three hundred and seventy- 

The lecture was fully 

NOMIC ASPECTS.” 

can Museum of Natural History. 
one members and visitors were present. 
illustrated with stereopticon views. 

No abstract of this lecture has been received. 
A. W. GRABAU, 

Secretary. 
SECTION O F  BIOLOGY. 

OCTOBER 16, 1905. 

History, Vice-president Wheeler presiding. 
Section met at 8.15 P.M. at the American Museum of Natural 
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The minutes of the preceding meeting of the Section were 

The evening was devoted to  reports of summer work camed 
read and approved. 

on by members of the Section. 

SUMMARY OF PAPERS. 

Professor H. F. Osborn went to British Columbia to study 
the habits of mountain goats; he found large numbers of the 
animals and had many opportunities of studying and photo- 
graphing them at close range. Dr. Hay studied certain fossil 
turtles in the American Museum of Natural History. Dr. 
E. F. Byrnes continued her study of variations in the crus- 
tacean Cyc lo~s .  She also gave some attention t o  regeneration 
in sense organs in Nereis. Dr. H .  R. Linville worked at San 
Diego, Calif., studying the mechanics of circulation in Arereis. 
Professor F. B. Sumner directed the summer session at the 
United States Fisheries Laboratory at Woods Holl. He also 
completed his studies of the effect of density and salinity of 
water on fishes. Professor Wheeler continued his studies of 
ants and made out many interesting points on the formation of 
ant colcnies by solitary queens. 

M. A. BIGELOW, 
Secretary. 

SECTION OF ASTRONOMY, PHYSICS, AND CHEMISTRY. 

OCTOBER 23, 1905. 

Section met ;It 8.15, at the American Museum of Natural 

The minutes of the previous meeting of the Section were 

The evening was devoted to reports on summer work by 

The meeting then adjourned. 

History, Vice-president von Nardroff presiding. 

read and approved; 

members. 

C. C. TROWBRIDGE. 
Secretary. 
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SECTION OF ANTHROPOLOGY AND PSYCHOLOGY. 

OCTOBER 3 0 ,  1905. 

Section met at 8.15 P.M., a t  the American Museum of Naturdl 

The minutes of the preceding meeting of the Section were 

The following program was then offered: 

History, Vice-president Woodbridge presiding. 

read and approved. 

Edgar L. Hewett, THE LIFE AND. CULTURE OF THE TEWA 

The Section met in conjunction with the Amehcan Ethno- 

No abstract of the above paper has been received. 

INDIANS IN PRE-SPANISH TIMES. 

logical Society. 

R. S. WOODWORTH, 
Secretur y. 

BUSINESS MEETING. 

NOVEMBER 6, 1905. 

The Academy met at 8.15 %.hi., at the American Museum 

The minutes of the last meeting were read and approved. 
The following name was then presented for election as Active 

of Natural History, President Kemp presiding. 

Member, having been recommended by the Council: 
Reno B. Welbourn 

Edward K. Judd 
Matthew van Siclen. Columbia University 

By vote of the Academy, the candidates were unanimously 
elected. 

Vice-president Hovey made the announcement of the recent 
death of Baron Ferdinand von Richthoven, Professor of Geo- 
graphy in the Imperial University of Berlin. 

Union City, Ind. 

505 Pearl Street 
ASSOCIATE ACTIVE MENBERS 

The meeting then adjourned. 
HERMON C. BUMPUS, 

Recording Secretory. 
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SECTION O F  GEOLOGY AND MINERALOGY. 

NOVEMBER 6, 1905. 
Section met a t  8.30 P.M., Vice-president Hovey presiding. 
The minutes of the last meeting of the Section were read and 

The .following sectional officers %'ere nominated for the year 

Vice-president and Chairman of Section, E. 0. Hovey. 
Secretary of Section, A. W. Grabau. 
The following program was then offered: 

approved. 

I go6 : 

J. F. Kemp, RECENT INTERESTING DISCOVERY OF HUMAN 
IMPLEMENTS IN AN ABANDONED RIVER CHAN- 
NEL IN SOUTHERN OREGON. 

J. 1. Stevenson, A BIT OF QUATERNARY GEOLOGY. 
A.A. Julien, NOTES ON THE GLACIATION OF MANHATTAN 

ISLAND. 
The papers were briefly discussed. 
Dr. George F. Kunz announced the finding of pyrope and 

serpentine in the tunnel under New York Harbor. These 
indicated the presence of a peridotite dyke. 

SUMMARY OF PAPERS. 
During July and August, 1905, Professor Kemp was in the 

field in southern Oregon under the direction of Dr. David T. 
Day, chief of the Division of Mineral Statistics of the U. $4. 
Geological Survey. The work assigned was the collection of 
black sands and crude gravels from the placer mines of this 
section for the experimental concentrating plant of the Survey 
at  the Portland exposition. While tisiting Waldo, Oregon, 
the following occurrence of human implements in the gravels 
of the Deep Gravel Mining Co. was met, and, with the permis- 
sion of the Director of the Survey, is herewith communicated. 

Waldo is situated on the stage line from Grant's Pass on the 
Southern Pacific R. R., IOO miles south of west from Crescent 
City on the coast in California, and is forty miles from Grant's 
Pass. It is in JosephineCounty, a few miles north of the Cali- 
fornia line. 
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Waldo was the scene D f  the earliest discovery in Oregon of 
streani placers in the couptry back from the ocean. Sailors 
penetrated to it in 1853 and found rich pay-streaks in the bed 
of a small stream R hich heads up in the ancient gravels of m-ha1 
must once have been a large river. The discovery received 
the name of the Sailor Diggings, and the name Waldo came 
later. The ancient gravels are now on top of a ridge and have 
remained in relief while the former banks have been removed- 
by erosion. The course of the river was to the north, since 
its bed-rock declines in this direction. The bed-rock as exposed 
in the placer mines is chiefly serpentine, but in one,place the 
;%-rock is fossiliferous sandstone, which has been studied and 
determined by J. S. Diller. The boulders are chiefly eruptive 
rocks of various sorts and are much softened as a rule by decom- 
position. The exact relations of the old drainage would require 
more investigation for their elucidation than the writer could 
give in the brief time at command, and it can only be stated 
that they cover a rather wide area east and west, having been 
mined at  intervals for half a mile or more across the main 
course, but whether this is from forking of the old main channel 
or not was not determined. Some shallower gravels are prob- 
ably due to the washing down of the old high-channel deposit 
over the slopes and on t o  the flats on either side of its crest. 

Pestles appear t o  occur in the gravels as a not specially 
exceptional phenomenon. The operators of the mines speak 
of their occasional discovery as a matter which does not excite 
surprise. The following instance, however, of two mortars 
and of one or two pestles attracted the attention of Mr. W. J. 
Wimer, the manager and part owner of the Deep Gravel property, 
and, although the objects were brought to  light in the hydrau- 
licking during the night shift, he carefully recorded the details 
early the next morning. I partiSarly inquired about the pos- 
sibility of the bank's caving in so as to make implements from 
the surface appear as if buried in the deeper gravels, but this 
possibility seems to be guarded against both by the auriferous 
cement in the larger mortar and by its actual detection in the 
bank by the pipe man. The mortar was thought by him to 
be a boulder and he shut off the stream and extracted it with 
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a -pick. The mortars and pestles are now in the possession of 
Col. T. Waln-Morgan Draper, a well-known mining engineer, at 
whose mnmer home, a few miles from Waldo, the implements 
now are. 

The following extract from a letter of Mr.Wimer written a t  
my request gives the facts. 

“The mortar is about 12 inches high by 9 inches across, 
.and it is made of the hardest granite. Two of our night men 
piped it out in 1902, when it was firmly embedded in a blue 
cemint gravel (the pay channel), fifty-eight feet from the 
surface. They had to resort t o  picks to get it out and the 
bed or hole out of which they pulled it remained, showing its 
perfect mould. I went to the mine in the morning and the 
two men formally presented it t o  me. It was still packed 
tightly to  its very rim with blue cement gravel. With a sharp 
pick I carefully picked the gravel loose so that I could clean 
it. I was some time doing so. I then washed the detritus 
and got eight pretty large colors of gold. 

“H. M. Pfefferly and D: W. ’I’arbrough were the finders. 
The place was in the S.W. 1/4 of N.W. 1/4; Sec. 21 ; T. 40 S.: 
R. 8. W., W.M.. Josephine County, Oregon, on the property of the 
Deep Gravel Mining Co. The other mortar is what Colonel 
Draper terms a quartz mortar, having a saucer-like cavity 
on its top. The gold from the ground where it was piped out 
was pronounced by the Selby Smelting Conipany in San Fran- 
cisco t o  be ‘ quartz gold,’ their receipt to us being so marked. 
This mortar was probably about ten feet under the surface. 
It was 300 yards from the other one and on Sec 20, being there- 
fore the S.E. 1/4 of N.E. The pestles 
were discovered tlith i t ;  they were in the pay dirt.” 

Those occurrences add one more instance to  the list of stone 
implements which have been found in the auriferous gravels 
of the Pacific coast. The writer fully realizes the criticism 
which has been brought to bear upon them and the skepticism 
with which their authenticity is regarded by many. The Waldo 
case may be stated upon the testimony of Mr. Wimer and Mr. 
Pfefferly, and may add-its contribution to the general mass of 
evidence regardng the antiquity of man in the Far West. 

It was found in 1901. 
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Professor Stevenson described a small area in northwestern 
Vermont. His conclusions were that, after withdrawal of the 
ice, clay was deposited along the streams to  an altitude of 
about 7 5 0  feet above tide; that upon this sand, gravel, and 
boulders accumulated to a thickness of about 450 feet. He 
traced the steps in re-erosion of the channel ways as shown by 
the successive terraces. The area in question is the north- 
ward extension of Professor C. €3. Hitchcock’s third basin of 
Winoiski River as defined in the Geology of Vennont. 

In the third paper of the evening Dr. Julien said the evidences 
of plucking action of the continental glacier upon the crystalline 
schists of the island consist partly of jagged broken surfaces 
beneath the till, with- angular transported blocks in the moraine 
to the southwest; and partly of rounded but roughened hum- 
mocks, pitted apparently by a modification of semilunar cavi- 
ties, such as have been discovered in perfect condition on scored 
surfaces of our limestone. 

Channels and pipe-like troughs were also described and attrib- 
uted t o  the action of subglacial running waters, probably once 
connected q-ith waterfalls through crevasses in the great glacier. 
The allied feature of pot-holes, found just beyond the limits 
of the island, was then discussed, and another hypothesis 
advanced to account for their formation. 

A sudden southward change in the direction of the glacial 
furrows over the island, their asymmetric form, and distinct 
southward curvature were described as evidences of a decided 
slope of the general surface toward the south-southwest, at 
the time of its subsidence during the glacial movement. A 
topographical modification was also referred to, through the 
undercutting, of joint planes facing the northeast. 

Dr. Kunz stated that during the spring of 1905 there had 
been shown to  him some precious garnet, pyrope, in rounded 
irregular transparent grains, measuring from two to  five m i I C  
meters in diameter. That these had been found in the tunnel 
extension of the New York subway, about 1200 feet south of 
Pier No. I ,  North River, under New York Harbor, at a depth 
of IIO feet below the bed of the bay. That upon visiting the 
locality he found that the entire walls of the tunnel had been 

39 
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covered with the iron arches, and i t  was impossible to see the 
rocks themselves, but that upon the dump heap he found a 
number of masses of serpentine weighing from two to one 

,hundred pounds each. The serpentine was a I rich yellow, 
a trifle'darker than that found at Montville, N.J. Cleavages 
of feldspar nearly a foot long, black tourmaline, almandite, 
garnet in grains and in crystals were noted, but no peridotite 
itself-was seen. This was probably due to the fact that nearly 
all the material taken from the tunnel was removed by 
barges to  the deep ocean and dumped. Dr. Kunz stated that it 
was most unfortunate that what was undoubtedly the evidence 
of a peridotite dike upon New York island should have been 
lost. A mass of stilbite gneissoid wall, measuring six feet by 
ten and nearly covered by rich stilbite, was noted. Mr. C. Woth- 
erspoon, the engineer in charge of the night work, was most 
courteous in giving information and in collecting specimens. 

A. W. GRABAU, 
Secretary. 

SECTION O F  BIOLOGY 

NOVEMBER 13,  1905. 

Section met at  8.15 P.M., Vice-president Wheeler presiding. 
The minutes of the last meeting of the Section were omitted 

on account of the absence of the Secretary. 
The following program was then offered: 

H. F. Osborn THE RECLASSIFICATION OF T H E  MAMMALIA. 

Katherine Foote, 
THE PROPHASES OF THE FIRST ~IATURATION 

H. E. Crampton, BRIEF REPORT OF STATISTICS RELATING TO 

B. E. Dahlgren, DEMONSTRATION OF NEW INVERTEBRATE 

The nomination of officers for the ensuing year was then 
announced as the business part of the program. In the absence 
of the Secretary, R. W. Miner was appointed Secretary pro 
tern. Professor H. E. Crampton was nominated to  the Council 

SPINDLE OF ALLOLOBOPHORA. 

SEX-INHERITANCE IN MOTHS. 

MODELS IN THE AMERICAN MUSEUM. 
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as Vice-president and Chairman of the Section. M. A. Bige- 
low was re-elected SecrGary of the Section. The meeting then 
adjourned. 

SUMMARY OF PAPERS. 

Professor Osbom said in his paper that i t  is surprising 
to  find how little attention is given in modern works to the au- 
thorship of the larger taxonomic divisions of the Mammalia, 
and what mistaken ideas are current as t o  past leadership in 
classification. 

In the present study of this subject historically Mr. W. I<. 
Gregory has been devoting several weeks to reviewing and 
abstracting the literature, making a number of valuable sug- 
gestions, and Mr. T. S. Palmer of the Biological Survey of 
the U.S. Agricultural Department, has rendered invaluable 
aid and criticism from his stores of knowledge. 

As an expression of our knowledge of the phylogeny or rela- 
tionships and descent of the mammals, classification shifts 
and changes with research and discovery. Looking back we 
find that those authors, such as De Blainville, exerted the 
most permanent influence who had the keenest appreciation 
of genetic affinities, while others, like Gray, who have lacked 
all sense of such affinities, have made no impression. Finally, 
in schemes of classification we express clumsily in words our 
knowledge and more or less our theories also of the affinities, 
the divergences or continuous branchings and sub-branchings 
which have resulted in the great diversity of extinct and mod- 
e m  forms. 

Discovery of these branchings from time to  time necessitates 
a n  ,increase in the number of subdivisions. For example, 
in order t o  express the facts known at the present time it appears 
to  be necessary: 

( I )  To introduce the new branch infra-class; 
(2) To employ more frequently the branch super-order; 
(3) To revive for descriptive purposes a t  least the branch 

Thus in place of the three branches eniployed by Linnzeus, 
cohort of storr. 
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class 
Sub-class 
Infra-class 

Cohort 

Super-order 
Order 
Sub-order 
Super-family 

Family 
Sub-family 

Genus 

namely, class, order, genus, we require eleven kinds of branches, 
namely: 

Super-orders. The forty known orders 
of mammals shown in the following table, 
namely, twenty-one living and nineteen 
extinct, cannto as yet be united uniformly 
into super-orders, yet the tendency of 
discovery will be constantly in this direc- 
tion. Thus Roth’s union of the South 
American hoofed forms into Notungulata 
(i.e., Southern Ungulates) is a happy step 
forward; the Hyracoidea of Africa may 
possibly be added to this branch. Simi- 
larly the tendency of discovery (Andrews) 
is to  revive De Blainville’s idea and unite 
the Proboscidea and Sirenia into a new 
super-order, to which possibly the Pyro- 
theria of South America may some day 
be added. Our super-order column, how- 
ever, requires much additional study and 
discovery. 

Among the forms in our order column which are 
still most uncertain are the above-mentioned Pyrotheria, the 
Barypoda (an order proposed for the reception of Asinoitherhnz 
and related forms of Eocene Africa), the Mesodonta (primitive 
North American monkeys which will possibly be included 

L-with the South American forms), the Tubulidentata (South 
Amencan- aardvarks, latterly removed from the Edentata 
and showing some affinities in the brain to the Ungulata, Elliot), 
the Pholidota (Pangolins, also recently removed from the Eden- 
tats although the brain presents a feeble claim to this relaLion- 
ship-Elliot), the Proglires (an order of doubtful value and 
position), the Protodonta and Allotheria, also of doubtful 
relationship. A striking recent triumph of palzontology 
is the removal of the Zeuglodontia (ancient Eocene whale- 
like forms) to  the vicinity of the Creodonta; it had long been 
suspected that the Cetacea should be nearer the Carnivora 
than other orders. 

Orders. 

Beddard suggests Edentate affinities, 
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Cohorts. The branches in the/cohort column represent the 
modified revival of a very ancient usage. The groupings are, 
however, very general and uncertain, especially as regards 
the branch Ungulata, because we still need to  ascertain whether 
the hoofed animals sprang from a common “Protungulata” 
stock, as has been supposed, or whether they were more or 
less independently derived from the Unguiculata-if the latter 
supposition is the correct one, the term Ungulata (Storr) becomes 
purely descriptive. 

The chief object of the new Infra-class division 
is to express the fact that the Marsupials and Placentals, while 
widely separate, are also much more closely related t o  each 
other than either are to the Monotremes. 

Infra-dass. 

CLASS SUDCLASS INPRA-CLASS COHORT S U P E R 3 R D E R  ORDER 
Mammalia I. Protothe- I. Ornithodel- Monotremata.. .. I 

ria phia. ‘Protodonta.. .... 2 
1AUothcria.. ..... 3 

11. Euthcria I .  Didelphia or Polyprotodonta.. 4 
Marsupialia Diprotodontia .. 5 

‘Tnconodonta.. .. 6 
Pantotheria.. ... 

or Placenta- lata Pristini { Insectivora.. .... 1 
lia Dermoptera.. ... 9 

Cheiroptern.. ... 10 
iCmdonta.. ..... I I 
1Zeuglodontia.. .. 12 

(Carnivora) Fissipedi?. ...... 13 
Pinnipedia.. .... 14 

a. Monodelphia I. Unguicu- 

1 IProglires?.. ..... IS 
Tillodontia ...... 17 

ITzniodon ta..... 18 

2 Rodentia 16 

Pholidota.. ..... 20 , Tubulidentata.. . 21 
IMesodonta.. .... 2 2  

a. Primates? Primates Prosimii ........ 23 
Simie.. ........ 2.4 
Pcnssodactyla . . 2 5  

3. Ungulata Diplarthral IAncylopoda.. ... 26 
Artiodactyla.. .. 27 

ICondylarthra.. . .  28 
1Amblypoda.. ... 29 
Pro oscidea.. ... 3 1  
Sirenia. . . . . . . .  32 
Pyrotheria ....... 33 
Hyraccs ...... 34  
Typotheria.. .... 35 

Notungulatn Toxodonth ..... 36 
Astropathemidea 37 
Lltopterna.. 38 

Roth { 
4.  Cete Denticete ........ 39 

hlysticete.. ..... 40 

Miss Foote and ikr. Strobell showed lantern slides of fourteen 
photo-micrographs illustrating !a few stages in the prophases 

.. ....... 
i Ferae 

. { Xenarthra:. .... ’ 9  

iBQrgpo+a ....... 30 

.... 
I Extinct orders. 
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and metaphase of the first maturation spindle of the egg of 
Allolobophora faAda. 

These slides demonstrated the following phenomena: 
1. I n  this form the chromosomes lose their individuality. 

completely during the growth period, the chromatine being 
distributed throughout the germinal vesicle. It then segre- 
gates into a chromatic reticulum and later forms a spireme 
which divides transversely into eleven bivalent chromosomes. 
The spireme shows a longitudinal split. which persists until 
the metaphase and produces the typical tetrad. 

The eleven 
bivalent chromosomes of the prophases and metaphase may 
be in the form of rings, crosses, figures eight, or rods, these 
forms being inconstant and variable. 

There is a marked 
difference in size, but i t  is not possible to  accurately identify 
any one or more chromosomes on account of a definite indi- 
vidual or relative size. 

4. The number of odcyte chromosomes is a constant feat- 
ure. Eleven bivalent chromosomes can be accurately and con- 
stantly demonstrated. 

2.  The form of the chromosomes is not constant. 

3. The size relations are not constant. 

No other abstracts have been received. 
ROY W. MINER, 

Secretary pro tem. 

SECTION OF ASTRONOMY, PHYSICS AND CHEMISTRY. 

NOVEMBER 20,  1905, 

Section met at 8.15 P.M., at  the American Museum of Natural 

The minutes of the last meeting were read and approved. 
The following program was then offered: 

Charles C. Trowbridge, METEOR TRAINS. 
After the reading of the paper there was an informal discussion, 

followed by the presentation of the following business: 
The question of holding bi-monthly instead of monthly meet- 

ings was discussed, and it was voted that the matter be referred 
to the Council with recommendation that the change-be made. 

History, Mr. C. C. Trowbridge presiding. 
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It was voted that steps be taken by the Secretary to arrange 
for holding one OT more meetings during the year in conjunction 
with the Physics Club of New York City. 

A letter from Vice-president von Nardroff was read regretting 
his inability to attend the meetings of the Section during the 
coming year. 

C; C. Trowbridge was elected Chairman of the Section for 
the'ensuing year. 

It was voted t o  postpone the election of the Secretary mtif 
'a iater meeting. 

The Section then adjourned. 
ROY W. MINER, 

Secretary pro tern. 
SECTION OF ANTHROPOLOGY AND PSYCHOLOGY. 

NOVEMBER 27, 1905. 
Section met at 4.15 P. M., at Columbia University, and 

8.30 P.M., a t  the American Museum of Natural History, Vice- 
President Woodbridge presiding. 

The minutes of the last meeting of the Section were read 
and approved. 

The following program was then offered: 
Afternoon Session : 

W. S. Monroe, SMELL DISCRIMINATION OF STUDENTS. 
F. Lyman Wells, LINGUISTIC STANDARDS. 
F. M. Hamilton, A STUDY OF THE READING PAUSE, 
R. S. Woodworth, VISION AND LOCALIZATION DURING RAPID 

EYE MOVEMENTS. 
Evening Session : 

J. McKeen CattelI, 
Brother Chrysostom, TEMPERAMENT AS AFFECTING PHILOSOPHIC 

W. P. Montague, 
C. M. Bakewell, CONCERNING EMPIRICISM. 

MEASUREMENT OF SCIENTIFIC MERIT. 

THOUGHT. 
ARE MENTAL PROCESSES IN SPACE? 

Election of sectional officers for 1906: 
Chairman, Robert MacDougalI. 
Secretary, R .  S. Woodworth. 

Adjourned at 10 P.M. 
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SUMMARY OF PAPERS. 

Professor Monroe described an experiment in which students 
were provided with sets of small vials filled one third full of 
common odors-chiefly essential oils. Each set contained 
twenty odors. Nostrils were alternately used; five seconds 
were given for the stimulation, and one minute was allowed 
for recording the result and resting the nostrils. After every 
seven tests, the windows were opened and the room aired. 
In all, 2 5 5  students were tested. The average number of 
odors correctly named was 6 . 7 2 ,  Four students named twelve 
correctly; two students, eleven; and five students, ten. Two 
of the students were able to identify but one odor each; fifteen 
students, but two odors each; and seventeen students, but three 
odors each. 

Wintergreen was correctlv identified by 7 7  per cent. of the 
students; camphor, ’15 per cent.; peppermint, 7 5  per cent.; 
vanil!a, 74 per cent.; cloves, 6 5  per cent.; cinnamon, 56 per 
cent.; spearmint, 38 per cent.; turpentine, 3 6  per cent.; tar, 36 
per cent.; lemon, 30 per cent.; nutmeg, 27 per cent.; anise, 26 
per cent.; pennyroyal, 21 per cent.; sassafras, 15 per cent.; bay 
rum, 9 per cent. ; hemlock, 4 per cent. ; bergamot, 3 per cent. ; 
asafetida,  2 per cent.; wormwood, I per cent.; and lavender, 
half of one per cent. A census of odor names showed that 
the students believed themselves familiar mith certain odors, 
such as lavender, which they were unable to recognize. 

Dr. Wells’s payer stated that a historical standard is nec- 
essary for the regulation of linguistic usage, but the prqsent 
literary interpretation of it is open to manjr objections, being 
reactionary in character and inconsistent in its admissions 
and exclusions. Models of linguistic excellence, as deter- 
minative of that body of elements to be considered good use, 
are to be sought among works whose criteria of value are more 
objective in character than is the case at present, as their value 
can be more rapidly and more accurately determined, and 
they are in.closer touch with the actual needs of the language. 
The introspection of the author of the average “Principles 
of Rhetoric” should not be accepted as final in determining 
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the interrelationship of these elements of good use. It is 
possible to determine linguistic values of all sorts by statistical 
methods, which give not only the most valid determination 
possible, but also the measure of this validity. Determina- 
tions of so apparently subjective a character as linguistic force 
can be made with a validity that approximates practical cer- 
tainty. These experimental determinations do not coincide 
with any of the definitions of force which the introspective 
grammarians have laid down. 

Dr. Eamilton reported that previous investigators of the 
problem of reading have agreed upon the short exposure Ziethxd 
as best for psychological analysis. Introspection is facilitated 
most when the exposure is less than the shortest reading pause, 
i. e., when all eye movements are excluded. The apparatus 
most generally used is the tachistoscope of the fall screen va- 
riety. The word has been uniformly treated as the unit of 
perception in reading, the effort being to determine the factors 
or “cues” of word recognition-their character and order of 
occurrence. 

Previous tachistoscopic studies have confined themselves 
chiefly to  the reading of isolated words; the present study 
has attempted to adapt the method to reading in context. 

A second adaptation is its use in analyzing processes at the 
threshold of word recognition by reducing the exposure time 
to a period approximating the time differences of the percep- 
tibility of their attributes, the presupposition being that various 
attributes of objects lie at varying distances from the threshold. 

And still a third untried possibility of this method consists 
in reports upon the marginal field of perceptual regard in addi- 
tion to  the reports upon the field of distinct vision. 

The experiments have already proceeded far enough to 
give assurance that the bompletion of the study will shed addi- 
tional light upon the questions of literal reading, reading cues, 
value of context, etc. 

An attempt was made by Professor Woodworth t o  throw 
some additional light on the question, first raised by Cattell,’ 
,as to what is seen during movements or jumps of the eye from 

1 Psychological Review, 1900, VII., pp. 325-343, 507-508. 



61 8 RECORD O F  MEETINGS OF THE 

one fixation point to another. Two opposing views are those 
of Holt,' who holds to a complete anzsthesia or inhibition of 
the visual centre during the movement, and of Dodge,2 who 
believes that vision there is possible but under ordinary con- 
ditions not actualized, because the faint blur produced by 
moving the eye across a variegated field is so brief and mean- 
ingless as to be ignored, just as entoptic phenomena are ignored. 
Proceeding on the supposition that if the latter view were 
correct it should be possible by attention and practice to become 
conscious of the stimuli that  affect the eye during movement 
the author has convinced himself of the following facts. 

I .  During head movements, an object held in the mouth 
may remain in clear vision. 

2 .  During convergence, the two monocular fields may be 
seen to move across each other. 

3. During eye-jumps proper, after-images may remain in 
consciousness if the lids are closed (Exner), or if the background 
is dark or plain; it is also possible, in short jumps, or at the 
beginning and end of longer ones, to see entoptic spots nlovc 
across the background. 

4. External objects moving in the same direction a s  the 
eye are distinctly seen when their angular velocity with respect 
t o  the eye coincides with that of the eye at any part of its jump 
(Cattell, Dodge). With reference to Holt's objection that 
what is seen may be the positive after-image, appearing after 
the eye has come to  rest, it should be noted that the objects 
so brought to clear vision are correctly localized in space, 
instead of being projected against the background at the new 
point of fixation, as would be the case with after-images. Thus 
not only vision, but correct localization of objects seen, is pos- 
sible during eye-jumps. 
I 5.  Stationary objects over which the eye passes can also 
be seen after practice. Fusion, flicker, and especially apparent 
motion of the objects, corresponding to  the actual motion of 

1 Psychological Review, il4oiiograph Sacpplemeiits, 1903~ IV., pp. 3-45 ; 
Psyclzologual Bull&t, 1905, 11. 

2 Ibid., 1900, VII , pp. 454-465; Psychological Bulletiii 1905, II., pp. 
193-199, 
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their images across the retina, can all be seen. A peculiarity 
which calls for further discussion is that the apparent extent 
of the object's motion is much less than the actual motion of 
the eye as measured against the background. 

The author's conclusion is that vision with the moving eye is 
essentially the same as that with the fixed eye when the external 
field moves. 

Professor Cattell explained how he had selected a group 
of one thousand scientific men for the study of individual 
differences and the conditions on which success in scientific 
work depends. In each of the twelve principal sciences the 
students who had done oiiginal work were arranged in the 
order of merit of their work by ten competent judges. Thus 
was obtained the order of merit and also the proper error of 
each position, it being based on ten independent observations. 
This probable error is inversely as the differences in scientific 
method, i t  being small where the differences are marked and 
becoming larger as the differences are less. It is thus possible 
to construct a curve representing the distribution of scientific 
merit in these thousand scientific men, and this curve agrees 
rather closely with the positive half of the curve of error. The 
first hundred men differ among themselves about as much as 
the next two hundred or the last seven hundred. 

Data were also given in regard to the distribution of the 
thousand leading scientific men of the country. The birth- 
rate of these scientific men was 2 7  per million of the popula- 
tion, i t  being 50 in cities and 24 in the country. It was 109 
in Massachusetts, 47 in New York, 23 in Pennsylvania, 12  

in Missouri, and I in Mississippi and in Louisiana. Their present 
distribution is somewhat similar. Thus 134 scientific men were 
born in Massachusetts and 144 reside there; 183 were born 
in New York and 192 reside there. The central States, with 
the exception of Illinois, tend to lose their scientific men. 
Thus 75 were born in Ohio, and 34 now reside there. The 
distribution of these scientific men among different institutions 
is as follows: Harvard, 66; Columbia, 60; Chicago, 39; Cornell, 
3 3 ;  U. S. Geological Survey, 3 2 ;  U. S. Department of Agri- 
culture, 32; Johns Hopkins, 30; California, 2 7 ;  Yale, 26; Smith- 
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sonian Institution, 2 2  ; Michigan, 2 0  ; Massachusetts Institute 
of Technology, 19 ; Wisconsin, 18 ; Pennsylvania, 17 ; Stanford, 
1 6 ;  Princeton, 14; Minnesota and Ohio State, 10 each. 

In his paper, Brother Chrysostom stated that it is impossible 
either t o  understand the great philosophers or to appreciate 
their influence if we limit ourselves to a purely scientific stand- 
point. Temperament enters so largely as a factor, both in 
determining the principles on which they lay special stress 
and in gaining disciples for their respective schools, t ha t  we 
are forced to consider them also from a literary view-point 
if we would do them justice. The ingredients that form tem- 
perament may be arranged under the following heads: ( I )  

Heredity, which is especially helpful in tracing tendencies 
favoring the pursuit of the concrete; (2) environment, which 
is closely interwoven with heredity and may be called a condi- 
tion of its development as a factor in mental life; (3) race and 
nationality-no Frenchman will treat a subject in the same 
manner as a German; (4) the attraction exercised by the first 
philosopher who interests a thinker; (5) the time or epoch 
in which the philosopher lived, for history is governed t o  a 
great extent by the law of reaction and adjustment, which 
results in the formation of cycles of thought; (6) the person- 
ality of the founder. This leads him to lay emphasis upon cer- 
tain phases of truth to  the neglect of others. To estimate his 
influence we must attend to the elements of truth contained in 
his system of thought. 

Dr. Montague protested first against the current paradoxical 
view of mental processes as real occurrences that occur nowhere. 
They should be located in space for the following reasons: 
( I )  They are naturally felt to be within the body; (2)  they 
form n o  exception t o  the generally accepted rule that an invis- 
ible event, such as an electric current, is t o  be located in the 
visible object that directly conditions i t  ; (3) their phenomenal 
existence in space (like their existence in time) is not in conflict 
with the transcendental view that space and time are appear- 
ances; (4) that they are neither punctiform nor figured is no 
argument against their location in space, for many things- 
notably, sounds and odors-are definitely located in space 
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without being regarded as either punctiform or figured; (5) 
the objection that there is no room in space for anything but  
matter and motion, and that thoughts and feelings if they 
were really in the brain would have t o  be regarded as visible 
substances between or alongside of the brain molecules, is 
invalid; for it disregards the fact that sensations are intensive 
and not extensive, and that they must, therefore, occupy space 
in the same way as other intensities, such as stresses, velocities, 
and accelerations, which exist in space along with their matter 
and not alongside of it. 

The last part of the paper explained and defended the hypoth- 
esis that mental states are the modes of potential energy (ex- 
pressible in terms of the higher derivatives of space with regard 
t o  time) into which the kinetic energy of the nerve currents 
must be transformed in order to be redirected. The theory, 
if true, would justify the belief in interaction without violating 
the parellelists' contention that the spatial can only be causally 
related to what is in space. 

R. S. WOODWORTH, 
Secretary. 

BUSINESS MEETING. 

DECEMBER 4, 1905. 

The Academy met at 8.15 P.M., a t  the American Museum 

The minutes of the last meeting were read and approved. 
The Secretary reported from the Council as follows: 
At the meeting of the Council held Nov. 27, at 4 P.M.,  the 

following officers were nominated for the year 1906, according 
to  the By-Laws: 

of Natural History, President Kemp presiding. 

President, N. L. Britton. 
Vice-presidents, Edmund Otis Hovey, N. E. Crampton, C. C .  

Corresponding Secretary, Richard E .  Dodge. 
Recording Secretary, William M. Wheeler. 

Trowbridge, Robert MacDougall. 
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Treasurer, Emerson McMillin. 
Librarian, Ralph W. Tower. 
Editor, Charles Lane Poor. 
Councilors, John H. Finley, Hermon C. Bumpus. 
Finance Committee, John H. Hinton, C. A. Post, Henry F. 

Osborn. 
It was yoted that the Annual Meeting should consist of a 

formal meeting for the presentation of the reports of officers 
and the election of officers for the ensuing year, t o  be followed 
by a subscription dinner, at which the address of the Presi- 
dent would be delivered. Due .notice mill be given members of 
the time and place of this meeting. 

It was voted that the report of the Council be approved. 
The death of John H. Hinton was then announced by D. S. 

Martin. 
It was voted that a committee be appointed by the Chairman 

to draw up resolutions, with regard to  the matter. 
The President appointed Professor Martin and Professor 

Stevenson t o  serve on this committee. 
Mr. George F. Kunz then announced the death of Dr. Augus- 

tus Choate Hamlin, geologist, of Bangor, Me., and moved that 
a committee be appointed to  draw up appropriate resolutions. 
It was so voted. 

The President appointed Dr. Kunz as a committee of one to 
draw up the resolutions. 

The following candidates were then presented for election to  
Active and Associate Active membership, having been recom- 
mended by  the Council : 
M. Baxter, Jr. 32 West 60th Street 
Martin Beckhard 102 West 87th Street 
T. W. Blake 194s Park Avenue. 
Frank Briesen 87 Nassau Street 
Andr.6 Champollion 150 West 47th Street 
William L. Condit 624 Bloomfield Street, Hoboken, N. J. 
Warren Delano, Jr. I Broadway 
Louis J- de Milhau 46 Mt.  Auburn Street, Cambridge, 

Mass. 
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James A. Garland 
L. V. Holzmaister 
John E. MacDonald 
Alfred E. Marling 
George B. Morewood 
R. J. Nunn 
P. J. Oettinger 
Hen’ry Phipps 
Carl Pickhardt 
William Procter 
F. James Reilly 
James H. Rogers 
Charles M. Schott, Jr. 
W. Wheeler Smith 
Samuel B. Snook 
Isidor Straus 
J. E. Hulshizer 
Henry E. Taylor 
Jeremiah R. van Brunt 
Robert A. van Wyck 
Wendell T. Bush 

Lincoln Cromwell 
J. M. Conn 
John S. Durand 
Walter Irving 
Adrian S. Lambed 
J. M. O’Brien 
Juliette A. Owen 

William H. Vredenburgh 

BOX 500, Bristol, R.I. 
150 West 7 z d  Street 
216 West 72d Street 
47 West 47th Street 
156 West 76th Street 
5 York Street, E., Savannah, Ga. 
416 Central Park West 
6 East 87th  Street 
1042 Madison Avenue 
11 East 5zd Street 
13 West 77th Street 
60  Wall Street 
25 Broad Street 
17 East 77th Street 
182 Hart Street, Brooklyn 
2745 Broadway 
16 Gifford Avenue, Jersey City 
306 West 8cth Street 
1841 84th Street, Brooklyn 
149 Broadway 
167 Joralemon Street, Brooklyn, 

N.Y. 
3 East 84th Street, N.Y. City 
544 West 114th Street 
126 West 79th Street 
I 2 J East 3 7th Street 
29 West 36th Street 
2 5 2  West 72d Street 
306 North Ninth Street, St. Louis, 

868 West End Avenue, N.Y. City. 
Mo. 

ASSOCIATE ACTIVE MEMBER 

G. W. Hunter 2238 Andrews Avenue, Univer- 
sity Heights 
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The candidates were unanimously elected by vote of the 
Academy. 

The meeting then adjourned. 
HERMON C. BUMPUS, 

Recording Secretary. 

SECTION OF GEOLOGY AND MINERALOGY 

DECEMBER 4, 1905. 

Section met at 8.30 P.M., Vice-president Hovey presiding. 
The minutes of the last meeting of the Section were read 

The following program was then offered: 
and approved. 

J. Howard Wilson, THE GLACIAL GEOLOGY OF NANTUCKET AND 

Thomas T. Read, GOLD MINING I N  THE SOUTHERN APPALA- 

George F. Kunz, DESCRIPTION OF THE MODOC, SCOTT COUNTY, 

CAPE COD. 

CHIANS. 

K A N S A S ,  METEORITE.  

SUMMARS OF PAPERS. 

Dr. Wilson commenced his paper with a description of the 
region by means of a map showing the great morainal features 
of the late Wisconsin ice-sheet. It was shown that the glacial 
phenomena and accumulations were due to two very distinct 
lobes having a direction of motion approximately at right 
angles to each other. The eastern lobe was termed the Nan- 
tucket lobe and the other the Long Island lobe from the more 
prominent region of its moraines. 

It was shown also that each lobe had two prominent associ- 
ated stages, one the time of maximum advance, and the other a 
peri0.l of halting in the final retreat. 

The glacial features of Nantucket and as far west as the 
central portion of Martha's Vineyard were formed during the 
first or Nantucket stage of that lobe, while the morainal accumu- 
lations of the western portion of Martha's Vineyard, Block 
Island, and the outer moraine of Long Island were formed 
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during the corresponding stage of the Long Island lobe or in 
what was termed the Martha’s Vineyard-Block Island stage. 

The retreat of the Nantucket lobe to Cape Cod, where it 
halted for a time, formed the Cape Cod stage of this lobe, while 
a retreat of the front of the western lobe to a poison on the 
Elizabeth Island, Southern Rhode Island, Fisher’s and Plum 
Islands, and the northern part of Long Island resulted in what 
was termed the Elizabeth Island -Fisher’s Island stage. I t  
is well known that the ice of the Long Island lobe had a general 
southeasterly motion, but it was shown that the Nantucket lobe 
came from the northeast, probably from a region as distant as 
Newfoundland, and no doubt extended seaward at least JSO 
miles. Between the two lobes was formed the interlobate 
moraine extending from Wood‘s Holl on Cape Cod to  and be- 
yond Manomet Hill in the neighborhood of Plymouth. 

I t  was shown that the Nantucket lobe had what might be 
called a third stage, when it began to melt back from the Cape 
Cod moraine in the vicinity of West Barnstdble, its front still 
holding on to the east and west. Fresh water was thus held 
up by the rnoraina! ridge in a re-entrant angle of the retreating 
ice, bringing into existence Cape Cod Lake. It was during 
the existence of this lake that the sand plains of Eastern Well- 
fleet Highlands, and Truro were formed. 

It was further shown that Cape Cod Lake had three distinct 
stages, the Wellfleet Highlands, and Truro stages, marked by 
three different levels of its waters and the formation of a par- 
ticular series of plains. 

Numerous maps and views of the prominent glacial features 
Ihroughout the region were shown. 

Mr. Read first pointed out that the Southern Appalachian 
region was one of the earliest to which the search for gold was 
directed after the discovery of the New World. 

After tracing the early development up t o  the present, the 
geological structure of the region and the methods of occurrence 
of the‘ ore were described. The paper then touched on the 
present state of the industry and the methods of working, and 
concluded with a forecast of the probable future worth of the 
deposits. 

40 
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Dr. Kunz described the Modoc, Scott County, Kansas, meteor- 
ite, that detonated over Modoc at 9.30 P.hr., Sept. 2 ,  1905. 
First a loud sharp report was heard; then followed a rumbling 
for thirty seconds, mhen a shower of over a dozen stones fell 
which weighed from one ounce to twelve pounds each. The 
stone is an almost white, pulverulent mass, with minute specks 
of native iron or troilite, with an occasional white, glassy. 
cleavable feldspar inclusion. 

A. W. GRABAU, 
Secre fary.  

SECTION OF BIOLOGY. 

DECEMBER 11, 1905. 

Section met a t  8. I 5 P.M., at  the American Museum of Natural 

The minutes of the last meeting of the Section were read and 

The following program was then offered : 

History, Vice-president Wheeler presiding. 

approved. 

Adele M. Fielde, THE PROGRESSIVE ODOR OF ANTS A N D  ITS 

A. F. Bandelier, ANIMAL LIFE IN PERU A N D  BOLIVIA. 
May Cline, PRINCIPLES OF BIRD FLIGHT. 
F. M. Chapman, CERTAIN INSTINCTS I N  BIRDS. 

INFLUENCE IN THEIR COMMUNAL LIFE. 

No abstracts received. 
M. A. BIGELOW, 

Secretary. 

ANNUAL MEETING. 

DECEMBER 18, 1905. 

The Academy met for the Annual Meeting on Monday, 
Dec. 18, 1905, at 7.30 P.M., at the Hotel Endicott; Presi- 
dent Kemp in the chair. A formal session for the transaction 
of regular business was held, followed by a dinner, at  which 
sixty-one were present, including forty-six members and their 
friends. 
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The accompanying reports of the Corresponding Secretary, 
Recordirlg Secretary, Librarian, and Editor were read and 
placed on file. The Treasurer not being able to  present his 
report, on account of absence from town, i t  was voted that  i t  
be referred to  the Finance Committee for audit, when presented. 

The following members were elected Fellows by the Academy: 

Professor Charles Baskerville 
Mr. c. VMliam Beebe 
Dr. John H. Finley 
The Academy then proceeded to  elect officers for the year 

Professors Crampton and Trowbridge were appointed tel- 
lers, ballots prepared by the Council according to  the By-Laws 
were distributed, and the votes were counted. The following 
officers were declared elected : 

Dr. Maurice Fishberg 
Mr. Gifford Pinchot 
Rlr. George H. Shemood 

906. 

President, Nathaniel L. Britton. 
Vice-presidents, E. 0. Hovey (Section of Geology and Miner- 

alogy), H. E. Crampton (Section of Biology), C. C. Trowbridge 
(Section of Astronomy, Physics, and Chemistry), Robert Mac- 
Dougall (Section of Anthropology and Psychology). 

corresponding Secretary, Richard E. Dodge. 
Recording Secretary, William M. Wheeler. 
Treasurer, Emerson McMillin. 
Librarian, Ralph W. Tower. 
Editor, Charles Lane Poor. 
Councilors (to serve three years), Hermon C. Bumpus, John H. 

Finley. 
Finance Committee, John H. CaswelI, C. ‘A. Post, Henry F. 

Osborn. 
The president of the Academy, Professor James F. Kemp, 

‘then delivered his address upon “The Problem of the Metal- 
liferous Veins, ” after which a w t e  of thanks was tendered t o  
him. 

The Academy then adjourned. 
HERMON C. Bumus ,  

Recording Secretary. 
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REPORT O F  THE CORRESPONDING SECRETARY. 

During the year, the Assistant Secretary, Mr. Miner, has 
sent the customary biennial circulars to the Honorary and 
Corresponding members and has Already received replies from 
more than three fourths of his inquiries. 

According to  our corrected lists, there are now fifty Honorary 
Members and one hundred and seventy-one Corresponding 
Members. 

During the last year two Corresponding Members, Professor 
Alpheus S. Packard and Professor Albert A. Wright, have died. 

RICHARD E. DODGE, 
Corresponding Secretary. 

REPORT OF THE RECORDING SECRETARY. 

dDur ing  the year 1905 the Academy held eight business 
meetings, and twenty-eight sectional meetings, at which eighty- 
four stated papers and lectures were presented, on the following 
subjects: 
Astronomy 3 papers. Physiography I paper, I 
Physics 6 lecture. 

Paleontology 5 '( Archa3ology 6 papers, I 

Biology 14 " lecture. 
Geology I I " Psych 01 og y 24 papers. 

Anthropology and 4 1  

Chemistry 3 

Mineralogy 3 Philosophy 5 ' I  

Physiology I (' 
' At the present time the membership of the Academy includes 
4-24 Active Members, nineteen of whom are Associate Active 
Members, and 121 Feflows. The election of six Fellows is 
pending. There have been five deaths during the year, seven 
resignations, and one member has been dropped for non-payment 
of dues. The new members elected during the year numbet 
I 59. During 
the  past year there has been a net gain of 146 against a loss 
of nine in 1904. This remarkable showing, which amounts 
to an increase of 50 per cent., is due to the activity of the Mem- 

A year ago on1 y five new members were elected. 
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bership Committee, of which Professor Stevenson is chairman, 
and Is the result of the determination of the Council trr$evpte 
especial attention to the matter of membership, as stated in 
the Recording Secretary's Report of a year ago. While sttiving 
to increase the membership the Academy has had in view the 
securing of nien interested in science, even though not active 
scientific contributors, and by the establishment of a new 
grade of membership, viz. that  of Associate Active Member- 
ship, many young men have been brought in. 

Efforts have also been made to  invite t o  the sectional meetings 
persons who are not members of the  Academy but who are 
interested in the various branches of science to which these 
sections are devoted. 

The routine work of the Academy bas now been concentrated 
in one office at the American Museum of Natural History, 
where an Academy Room has been provided so as to be adapted 
t o  our special needs. 

It is with sorrow that the Academy has to record the loss by 
death of the five following members: 

Dr. John H. Hinton, Fellow and Patron of the Academy 
(40 years). 

Dr. L. H. Laudy, Fellow (24 years). 
The Hon. Edward Cooper (38 years). 
Mr. John Murray Mitchell (19 years). 
Mr. Wheeler H. Peckham (7  years). 

Respectfully submitted, 
HERMON C. BUMPUS, 

Recordiiig Secretary. 
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REPORT OF THE TREASURER. 

New York, Dec. 18, 1905. 
To the New York Academy of Sciences. 

Gent lementAs required by the By-Laws, I herewith sub- 
mit a statement of my receipts and disbursements since my last 
annual report, and a balance sheet from my ledger, as of this 
date. 

Respectfully yours, 
C. F. C o x ,  

Treasurer. 

RECEIPTS. 

Balance on hand, as-per annual report Dec. 20, 
19c4 ................................. 

One year's interest a t  4+% on Lampe Mortgage (st. Ann's Ave.) for $12,000 ............. 
One year's interest a t  5 %  on Brennan Mortgage 

(East 135th st.) for $ 5 , 2 0 0 . .  . . . . . . . . . . . .  
Life Membership Fees.. . . . . . . . . . . . . . . . . . . . .  
Initiation-Fee. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Active Membzrship DUES, 1902.. . . . . . . . . . . . .  52o.00 

I903 . . . . . . . . . . . . . .  60.00 
I904 . . . . . . . . . . . . . .  1 5 0 . 0 0  

" 1905 . . . . . . . . . . . . . .  2,615.00 
' I  1906.. . . . . . . . . . . . .  40.00 

Associate Membership Dues, 1905.. . . . . . . . . . .  
Interest on Deposit in Bank.. . . . . . . . . . . . . . .  
surplus from Annual Dinner, 1904.. . . . . . . . . .  
Sales of Reprints, etc.. ..................... 

$2,266.24 

540 .OO 

260.00 
I,200.00 

5 .oo 

2,885.00 

61.72 
4.00 

104.09 

45.00 

$7,371.05 

DISBURSEMENTS. 

Publications.. ....................... : ..... $1,892.45 
Secretary .............................. 370.58 

T ewriter ............................ 90.00 
733 26 
25 .oo 

' I  Librarian.. 95.95 
" Correspondinq Secretary. . . . . . . . .  2.10 

185.30 
Expenses, &OlOgiCal Section. . . . . . . . . . . . . . . .  11.35 

Expenses Recording Secretary and Assistant 

S x r y  Asst. Secretary, 1 1  months.. . . . . . . . .  
Expenses of Treasurer.. .................... 

cial Committee on Membership.. . . . . . . . .  
I' Section of Astronomy and Physics. .. 5.45 $3,411.44 

Balance on hand.. ..................... - 93,959.6r 

.................... 
General Expenses, including expenses of Spe- 
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BALANCE SHEET. 
DR. 

. Investments.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cash on Hand. .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CR.  
Permanent Fund.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Publication Fund. .  . . . . . . . . . . . . . . . . . . . . . . . .  
Audubon Fund. .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Income of Audubon Fund.. . . . . . . . . . . . . . . . . .  
Income of Publication Fund.. . . . . . . . . . . . . . . . .  
Income of Permanent F u n d . .  . . . . . . . . . . . . . . .  
General Income.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Annual Dinners.. . . . . . . . . . . . . . . . . . . . . . . . . . .  

631 

Q17,200.00 
3,959.61 

s21,159.61 

$I2,43 I. 68 
3,000.00 
1,897.25 
250.99 
323.77 

1,586.31 
I ,665.61 

4.00 

$2 I, 159.61 

REPORT OF THE LIBRARIAN. 

The Library has received during the past year, by gift 
and exchange, 299 Volumes, 233 Pamphlets and 1613 Numbers, 
which have been duly acknowledged, accessioned, and placed 
on the shelves for reference. 

The Library is open t o  the public on each week-day from 
The books have been frequently consulted 9.30 A.M. t o  5 P.M. 

and it is desired that their use shall be continued. 
R. W. TOWER, 

Librariatz. 

REPORT OF THE EDITOR. 

New York, Dec. 18, 1905. 
During the year I905 the Academy printed and issued the 

following publications : 
ANNALS.-VOI. XVI. Part I ,  containing four papers as follows : 

Louis I. Dublin, ‘‘ History of Germ Cells in Pedicellina aitzeri- 
tuna Leidy;” D. -S. Martin, ‘:H. Carrington Bolton;” J. J. 
Stevenson, “The Jurassic Coals. of Spitzbergen;” j. Howard 
‘Wilson, ‘‘ Recent journeys among Localities Famous for 
Prehistoric Man.” This part was issued in March and con- 
sisted of ninety-seven pages, three plates and two text figures. 

Vol. XVI, Part 2 ,  which contained papers by Waldemar 
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Jochelson, entitled, “Grammar of the Yukaghir Language; ” 
by Maurice Fishberg, “Materials for the Physical Anthropology 
of the Eastern European Jews;” and the records of the meetings 
of the Academy for the year 1904. This part was issued in 
August and contained 290 pages, one plate, and thirteen text 
figures. 

Total number of pages of the Annals issued during the year 
was thus 387. 

MEMOIRS.-VOI. 11, Part 4, consisting of an elaborate research 
paper by W. E. Kellicott entitled, “The Development of the 
Vascular and Respiratory Systems of Ceratodzts.” This con- 
sisted of 114 pages, five plates, two of which were printed in 
colors, and 106 text figures. A portion of the expense of print- 
ing this Memoir was borne by the Audubon Fund. 

ANNALS.-~OI.  XVI, Part 3, is now in press and should be 
issued soon after the beginning of the year. 

CHARLES LANE POOR, 
Editor. 

THE ANNUAL ADDRESS OF THE PRESIDENT. 

THE PROBLEM OF THE METALLIFEROUS VEINS. 
By James Furman Kemp. 

The rush of the gold-seekers to  California in 1849 and the 
quickly following one to Australia in 1851 were notable migra- 
tions in search of the yellow metal, but they were not the first 
in the history of our‘race. There is, indeed, no reason to sup- 
pose that,  in the past, mining excitements were limited even 
to  the historical period; on the contrary the legends of the 
golden Aeece and of the golden apples of the Hesperides prob- 
ably describe in poetic garb two of the early expeditions, and 
long before either, we can well imagine primitive man hurrying 
to new diggings in order to  enlarge his scanty stock of metals. 
Among the influences which have led to the exploration and 
settlement of new lands, the desire t o  find and acquire gold and 
silver has been one of the most important, and as a means of 
introducing thousands of vigorous settlers, of their own volition, 
into uninhabited or uncivilized regions there is no agent which 
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compares with it. I n  this connection it may be also remarked 
that there is no more interesting chapter in the history of civil- 
ization than that which concerns itself with the use of the met- 
als and with the deOelopment of methods for their extraction 
from their ores. Primitive man was naturally limited to  those 
which he found in the native state. They are but few, viz., 
gold in wide but sparse distribution in gravels; copper in occa- 
sional masses along the outcrops of veins, in which far the 
greater part of the metal is combined with oxygen or sulphur; 
copper again, in porous rocks, as in the altogether exceptional 
case of the Lake Superior mines; iron in an occasional meteorite; 
which, if its fall had been observed, was considered to  be the 
image of a god, descended from the skies;' silver in occasional 
nuggets with the more common ones of gold; and possibly a 
rare bit of platinum. Besides these no other metal can have 
been known, because all the rest and all of those mentioned, 
when locked up in their ores, give in the physical properties 
of the latter but the slightest suggestion of their presence. 
Chance discoveries must have first revealed the possibilities 
of producing iron from its ore-really a very simple process 
when small quantities are involved ; of making bronze from 
the ores of copper and tin; of making brass with the ores of 
copper and zinc; of reducing copper and lead from their natural 
compounds; and of freeing silver from its chief associate, lead. 
All of these processes were extensively practised under the 
Chinese, Phenicians, Greeks, Romans and other ancient peoples. 

As the need of weapons in war, the advantages of metallic 
ourrency, and the want of household utensils became felt, and 
as the minerals which yield the metals became recognized as 
such, the art of mining grew to be something more than the 
digging and washing of gravels; and in the long course of time 
developed into its present stage as one of the most difficult 
branches of engineering. Chemistry raised metallurgical pro- 
cesses from the art of obtaining SOIW of a metal from its ore, 
to the art of obtaining alirlnst all of it and of accounting for what 
escaped. It is, in fact, in this scientific accounting for every- 

1 As in the case of Diana of the Ephesians and the deity of the 
Carthaginians. 
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thing that modern processes chiefly differ from those of the 
ancients. 

Of all the metals the most important which minister t o  the 
needs of daily life are the following, ranged as nearly as possible 
in the order of their usefulness: Iron, copper, lead, zinc, silver, 
gold, tin, aluminum, nickel, platinum, manganese, chromium, 
quicksilver, antimony, arsenic, and cobalt. The others are of 
very minor importance, although often indispensable for cer- 
tain restricted uses. 

The manner of occurrence of these metals in the earth, and 
their amount in ores which admit of practicable working, are 
fundamental facts in all our industrial development, and some 
accurate knowledge of them ought to be a part of the intellectual 
equipment ol every well-educated man. The matter may well 
appeal t o  Americans, since the United States have developed 
within a few years into the foremost producer of iron, copper, 
lead, coal, and until recent years in gold and silver; but with 
regard to  gold, they have of late alternated in the leadership 
with the Transvaal and Australia, and in silver are now second 
t o  Mexico. 

Despite the enormous product of food-stuffs, American mining 
developments are of the same order of magnitude; and the 
mineral resources of the country have proved to  be one of the 
richest possessions of its people. 

We may best gain a proper conception of the problem of the 
metalliferous veins if we state at the outset the gross composi- 
tion of the outer portion of the globe, so far as geologists have 
been able to express it by grouping analyses of rocks. We 
may then note among the elements mentioned such of the metals 
as have just been cited and may remark the rarity of the others; 
we may next set forth the necessary percentages of each metal 
which make a deposit an ore, that  is, make it rich enough for 
profitable working. By-comparison we can grasp in a general 
way the amount of concentration which must be accomplished 
by the geological agents in order to collect from a naturally 
lean distribution in rocks enough of a given metal to  produce 
a deposit of ore; and can then naturally pass to a brief discus- 
sion and description of those agents and their operations. 
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If the genera1 composition of the crust of the earth is cal- 
culated as closely as possible on the basis of known chemical 
analyses, the following table results, which has been compiled 
by Dr. F. W. Clarke, of Washington, chief chemist of the U. S. 
Geological Survey. * 

Oxygen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Silicon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aluminum . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  

Calcium. ..................................... 
Magnesium. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Potassium. . . . . . . . . . .  . . . . . . . . . . . . . . . .  
Sodium.. . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  
Titanium. . . . . . . . . . . . . . . .  
Hydrogen. . . . . . . . . . .  
Carbon . . . . . . . . . . . . .  
Phosphorus. . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sulphur.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Barium. . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  
Chromium. . . . . . . . . . . . . . . . . . . .  
Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Strontium. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Lithium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chlorine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fluorine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . .  . . . . . . . . . . .  

47 ' 13 
27.89 s .  I j  
4.71 
3.53 
2 .64  
2.35 
2 .68  

32 
'17 
' 13 
.09 
. 0 7  
.06 
.04 
. o r  
. o r  
. o r  
.OI 
.OI 
. 0,l 

Total..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .IOO.OO 

Etkments less 'than .OI per. cent. are not-considered abundant 
enough t o  affect the total, and equally exact data regarding 
them are not accessible. Among those given only the following 
appear which are metals of importance as such in everyday 
life: aluminum 8.13, iron 4.71, manganese .07, chromium .OI, 
and nickel .OI. They rank respectively, in the table, third, 
fourth, thirteenth, sixteenth and seventeenth. Of the five, 
iron is the only one of marked prominence. No one of the 
remaining four is- comparable in usefulness with at least five 
other metals which are not mentioned, viz., copper, lead, zinc, 
silver, and gold. 

An endeavor has been made by at least one investigator, 
Professor J. H. L. Vogt, of Christiania, t o  establish some quan- 
titative expression for these other metals. His estimates 
are as follows:2 

I Bulletin 148, p. r3. 
2 Zeitschrift flir prak. Gcologie, 1898, 324. 



634 RECORD OF MEETINGS OF THE 

Copper, percentagebeyond the fourth or fifth place of decimals, 
that is in the hundred thousandths or millionths of one per cent. 

Lead and zinc, percentages in the fifth place of decimals, or 
in the hundred thousandth? of one per cent. 

Silver, percentage two decimal places beyond copper-or in the 
ten millionths to  the hundred millionths of one per cent., or the 
ten thousandth to the hundred thousandth of an ounce to the ton. 

Gold, percentage one tenth as much as silver. 
Tin, percentage in the fourth or fifth decimal place, that  is, 

in the ten thousandths or hundred thousandths of one per cent. 
These figures, inconceivably small as they are, convey some 

idea of the rarity of these metals as constituents on the average 
of the outer six or eight miles of the earth's crust. But they 
are locally more abundant in particular masses of eruptive 
rocks which are associated with ore deposits. 

In the following tabulation I have endeavored to  bring 
together a number of determinations which have been made 
in connection with investigations of American mining districts. 
In a general way they give a fair idea of the metallic contents 
oi certain eruptive rocks from which mere taken samples as 
little as possible open to  the  - suspicion that they had been 
enriched by the same processes which had produced the neigh- 
boring ?re-bodies. 

Copper, . 009 Missouri. I 
Lead, .OOII Colorado.2 
Lead, .008 Eureka, Nev.3 
Lead, ,004 Missouri.' 
Zinc, .0048 Leadville, Col0.4 
Zinc, .009 hlissouri.l 
Silver, .00007 LeadviIIe, Colo.5 
Silver, .ooo16 Eureka, Nev.3 
Silver, . ooo I 6 Rosita, Colo.6 
Gold, .00002 Eureka, Nev.s 
Gold, .00004 Owyhee County, Id.1 

I Average of-eight eruptives from Missouri, Anal. by  J. D. Robertson. 

2 Average of six different rocks, embracing eighteen assays; S. F. 

3 One rock, a quartz porphyry, not certain the rock was not enriched. 

4 Same reference as under 6 .  The zinc was determined in but  two 

3 game reference as under  6, but p. 594. 
6 S. F. Emmons, XVII. AM. Rep. U. S. Geol. Survey, Part II., p. 471 .  

Report on Lead and Zinc, Mo. Ge01. Surv., II., 479. 

Emmons, Monograph XII., U. S. Geol. Surv., 591. 

J. D. Curtis, U. S. Geol. Surv., Mono. VII., 136. 

sam les. 

A. Simundi in  Tenth Census, XIII., 54. 
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In order to  come within the possible limits of profitable 
and successful treatment the ores of the more important metals 
should have at  least the following percentages, but that  we may 
grasp the relations correctly, it must be appreciated that local 
conditions affect the limits. Thus in a remote situation and 
with high charges for transportation an ore may be outside 
profitable treatment although it may contain several times 
the percentages of those more favorably situated. Iron ores 
in particular which are distant from centres of population 
are valueless unless cheap transportation on a very large scale 
can be developed, while gold in an almost inacessible region, 
like the Klondike, may yield a rich reward, even when in quan- 
tities which, if expressed in percentages, are almost inappreciable. 

The nature of the ore is also a factor of prime importance. 
Some compounds yield the  metals readily and cheaply, while 
others, which in the case of the precious metals are often called 
base ores, require complicated and it may be expensive metal- 
lurgical treatment. The association of metals is likewise of 
the highest importance. Copper or lead, for example, greatly 
facilitate the extraction of gold and silver, whereas zinc in 
large quantities is a hindrance. Conditions also change. An 
ore which may'have been valueless in early days may prove 
a rich source of profit in later years and under improved condi- 
tions. For instance, from 1870 for over twenty-five years 
Bingham Canyon in Utah yielded lead-silver ores and minor 
deposits of gold. It was known that in some mines low-grade 
and base ores of copper and gold existed, but the fact was 
carefully concealed and in at least one instance the shaft 
into them was filled up, lest a general knowl-edge ofathe fact 
should unfavorably affect the value of the propedy. To-day 
however, these ores are eagerly sought. an6 their extractior 
and treatment in thousands of tons daily are paying good 
returns on very large capitalization. AnotliS? &Tor is the 
expense of extraction. If simple and inexpensive methods 
are possible, the area of profitable treatment is g r e h y  widened. 
Thus gold may need little else than a stream of water or even 
a blast of air, whereas iron and copper require. huge f.hmzces 
and vast supplies of coke and fluxes. 
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Iron ores are of little value in any part of the world - 
less they contain a minimum of 35 per cent. iron W'hgn 
they enter the furnace, but if they are distributed in amounts 
of from 10 to 2 0  per cent., in extensive masses of loose or easily 
crushed rock in such condition that they can be cheaply con- 
centrated up to rich percentages, they map be profitably treated 
and a product with 50 per cent. iron or higher be sent to  the 
furnaces. Nevertheless, speaking for the civilized world at 
large, it holds true that as an iron ore enters the furnace it 
cannot ha<e less than 35  per cent., and in America with our 
rich and pure deposits on Lake Superior tn-o thirds of our sup- 
ply ranges from 60 to  65 per cent. 

As regards copper, a minimum working percentage, amid 
favorable conditions and with enormous quantities, is usually 
about three per cent., but in the altogether exceptional deposits 
of the native metal in the Lake Superior region, copper-rock 
as low as three fourths of one per cent. has been profitably 
treated. This or any similar result could only be accomplished 
with exceptionally efficient management and with a copper 
rock such as is practically only known on Lake Superior. With 
the usual type of ore, not enriched by gold or silver, two per 
cent. is the extreme, and in remote localities from 5 t o  10 per 
cent. may sometimes be too poor. 

In southeast Missouri, lead ores are profitably mined which 
have from 5 to 10 per cent., lead, but they are concentrated t o  
65 or 7 0  per cent. before going to  the  furnace. 

Zinc ores at the furnace ought not to yield less than 2 5  or 
30 per cent., and when concentrated or selected they range up 
t o  60 pet cent. 

The precious metals are expressed in troy ounces to the ton 
avoirdupois. A troy ounce'in a ton is one three-hundredth 
of one per cent., and the amount is, therefore, very small when 
stated in percentages. If it be appreciated that in round 
numbers silver is now worth filty t o  sixty cents an ounce, and 
gold, twenty dollars, some grasp may be had of values. Silver 
rarely occurs by itself. On the contrary it is obtained in asso- 
ciation with lead and copper and the ores are, as a rule, treated 
primarily for these base metals and then from the latter the 

Y 



N E W  YORK ACADEMY OF S C I E N C E S  639 

precious metals are later separated. In the base ores there ought 
t o  be enough silver t o  yield a minimum of five dollars or ten 
ounces in the resulting ton of copper in order t o  afford enough 
to  pay for separation. Now in a five per cent. ore of copper 
we have a concentration of twenty tons of ore to  yield one ton 
of pig, or more correctly stated, so as to allow for losses, twenty- 
one tons to  one. We must, therefore, have at  least ten ounces 
of silver in the twenty-one tons, which implies a minimum 
of about one half ounce per ton. Smelters will only pay a miner 
for the silver if he has over one half ounce per ton in a copper 
ore. In a pig of lead, usually called base bullion, it is necessary 
for profitable extraction to have fifteen ounces of silver. For 
smelting a lead ore we must possess at least ten per cent. lead 
and may have seventy. It is, therefore, obvious that from 
two to twenty ounces silver must be present in the ton of lead 
ore. The common ranges are ten to fifty ounces or one thirtieth 
to  one sixth of one per cent. 

Gold is so cheaply extracted that it may be profitably obtained 
under favorable circumstances down to  one tenth of an ounce in 
the ton, but the run of ores is from a fourth ounce, or five dollars, 
to an ounce, or twenty dollars. Ores of course sometimes reach a 
number of ounces. In copper or lead ores even a twentieth of 
an ounce may be an object, and in favorably situated gravels to 
which the hydraulic method may be applied, even as little as seven 
to ten cents in the cubic yard may be recovered,or some suchvalue 
as a two-hundredth to a three-hundredth of an ounce per ton. 

The tin ores as smelted contain about 7 0  per cent., but 
they are all concentrated either by washing gravels in which 
the percentage is one or less, or else by mining, crushing, and 
dressing ore in which it ranges from 1-5 t o  3 per cent. The 
tin-bearing gravels represent a concentration from much leaner 
dissemination in the parent veins and granite. Aluminum ores 
yield as sold about 3.0 per cent. of the metal. This is an 
enrichment as compared with the rocks, though not SO striking 
a one as in the case of other metals. But the great change 
necessary in aluminum is in the method of combination. It is 
so tightly locked up in silicates in the rocks as t o  preclude direct 
exkraction by ahy known method. 
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Nickel needs t o  be present in amounts of several per cent., 
say two to five, and occurs either alone or with copper. Cobalt 
is always with it in small amounts. Platinum occurs in exceed- 
ingly small percentages. It is almost all obtained from gravels 
in Russia, and the gravels yielded in 1899 according to c. W. 
Purington about forty cents to the yard, platinum being quoted 
in that year at $15 t o  $18 per ounce. There was, therefore, 
in the gravels about one fortieth ounce in the yard, or one 
sixtieth in a ton, or about 5 .5  hundred thousandths of a per cent. 
Platinum in some rocks has been found in amounts of one 
twentieth to one half ounce, or from 16 hundred thousandths t o  
16 ten thousandths of one per cent., but they are rare and 
peculiar types. 

In order to be salable manganese ores of themselves must yield 
about 50 per cent., but if iron is also present they may be as 
low as 40. Chromium has but one ore, and it must contain 
about 40 per cent. Of antimony, arsenic, and cobalt it is 
hardly possible t o  speak, since, except perhaps in the case of 
the first, they are unimportant by-products in the metallurgy 
of other ores. 

In summary i t  may be stated t h a t  in the ores the metals 
must be present in the following amounts : 

' Percentage in Ores. 
Jron, 

Lead, 
Zinc, 
Silver, 
Gold, 
Tin, 
Aluminum, 
Nickel, 
Manganese, 
Chromium, 

Copper, 

Ounces to Ton. 
35-65 
2-10 

7-50 
2 5-60 

1/12-1/150 
I /300-1/6,000 

1-3 

2-5 
30 

5 0  
40 

Percentage in Earth's Crust 
4 - 7 1  

. o o o o x  

. o o o o x  
. oooox 

. ooox-. o o o o x  

2-25 . OOOOOOX 

8.13 

. 0 7  

I/20-1 .ooooooox 

.OI 

.OI 

We now have before us some fundamental conceptions from 
which as a point of departure we may set out upon the real 
discussion of the subject. We understand the gross composition 
of the outer earth; we have some idea of the quantitative distri- 
butionaf the metals in the rocks, especially in the richer in- 
stances; finally we have seen the extent t o  which they must 
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be concentrated in order that they may be objects of mining. 
The next step is to establish first the agent or solvent which 
can effect the collection of the sparsely distributed metals, 
and second the places where the precipitation of them takes 
place. We may then inquire more particularly into the source 
of the agent and the methods of its operation. In order t o  
do this in the time at command I must remorselessly focus 
attention on the larger and essential features, resolutely avoiding 
every side issue or minor point, however inviting. 

The one solvent which is sufficiently abundant is water, 
and practically all observers are agreed that for the vast majority 
of ore deposits it has been the vehicle of concentration. Of 
course it need not operate alone. On the contrary easily 
dissolved and ever-present materials, like alkalies, may and 
undoubtedly do increase its efficiency. It does not operate 
necessarily as cold water. On the contrary, we all know that the 
earth grows hotter as we go down, so that descending waters, 
could not go far without feeling this influence. Volcanoes, 
too, indicate to  us that  there are localities where beat is developed 
in enormous amounts and not far below the surface. There 
is, therefore, no lack of heat, and we need only be familiar with 
the Western country t o  know that there is no lack of hot springs 
when we take a comprehensive view. As solvents, hot waters 
are so incomparably superior to cold waters that they appeal 
t o  us strongly. We may, therefore, take i t  as well established 
that water is the vehicle. The chemical compounds which 
constitute the ores 'naturally differ widely in solubility, and no 
sweeping statements can be made regarding them. Iron, 
for example, yields very soluble salts and is widely, one might 
almost say universally, distributed in ordinary waters. Its 
ores are compounds of the metal with oxygen and in this respect 
i t  differs from nearly all others, which are mostly combined 
with sulphur. Although almost all of them have oxidized 
compounds, the latter are on the whole very subordinate con- 
tributors to our furnaces. 

Iron is everywhere present in the rocks, and when exposed 
t o  the natural reagents it is one of their most vulnerable elements. - 
It, therefore, presents few difficulties in the way of solution 

4 1  
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and concentration by waters which circulate on or near the 
surface and which perform their reactions under our eyes. 

The compounds of copper, lead, zinc, silver, nickel, cobalt, 
quicksilver, antimony, and arsenic with sulphur present more 
difficult problems and ones into whose chemistry it is impossible 
t o  enter here in any thorough way; but in general it may be 
said that the solutions were probably hot, that  they_ were in 
some cases alkaline, in others acid, and that  the pressure under 
which they took up the metals in the depths has been an impor- 
tant factor in the process. The loss of heat and pressure-as 
they rose toward the surface no doubt aided in an important 
way in the result. 

The first condition for the production of an ore-deposit 
is a waterway. It may be a small crack, or a large fracture, 
or a porous stratum, but in some such form it must exist. Natur- 
ally porous rock affords the simplest case, and provides an easily 
understood place of precipitation. For example, in the decade 
of the seventies rather large mines at Silver Reef in southern 
Utah were based upon an open-textured sandstone into which, 
and along certain lines, silver-bearing solutions had entered. 
Wherever they met a fossil leaf or an old stick of wood which 
had been buried in the rock the dissolved-silver was precipitated 
as sulphide or chloride. Sometimes for no apparent reason 
the solutions impregnated the rock with ore, but  the ore seems 
t o  follow along certain lines of fracturing. Again at  Silver 
Cliff, near Rosita in central Colorado, the silver solutions had 
evidently at one time soaked through a bed of porous volcanic 
ash, and had impregnated it with ore, which while it lasted 
was quarried out like so much rock. In the copper district 
of Keweenaw Point on Lake Superior, the copper-bearing soh-  
tions have penetrated in some places an old gravel bed and 
imprep-ated it with copper; in other places they have passed 
along certain courses in vesicular lava flows, and have yielded 
up to  the cavities scales and shoots of native copper. 

It has happened at times that the ore-bearhg solutions, 
rising through some crevice, have met a stratum charged with 
lime, and having spread sideways have apparently been robbed 
of their metals because the lime precipitated the valuable 
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minerals. In  the Black Hills of South Dakota there are sand- 
stones with beds of calcareous mud rocks in them. Solutions 
bringing gold have come up through insignificant-looking 
crevices called " verticals " and have impregnated these mud 
rocks with long shoots of valuable gold ores. In  prospecting in 
a promising locality the miner, knowing the systematic arrange- 
ment of the verticals, and having found the lime-shales, drifts 
along in them, following a-cTevice in the hope of breaking into 
ore. The very extended and productive shoots of lead-silver 
ores at Leadville, Colo., which have been vigorously and con- 
tinuously mined since 1877, are found in limestone and usually 
just underneath sheets of a relatively impervious eruptive rock. 
They run for long distances and suggest uprising solutions 
which followed along beneath the eruptive, perhaps checked 
by it, so tha t  they have replaced the limestone with ore. The 
limestone must have been a vigorous precipitant of the metallic 
minerals. 

The fracture itself u p  through which the waters rise may be 
of considerable size and thus furnish a resting-place for the ore 
and gangue, as the associated barren mineral is called. A 
deposit then results which affords a typical fissure vein. The 
commonest filling is q u a r k  but at times a large variety of 
minerals may be present and sometimes in beautifully sym- 
metrical arrangement. In  the latter case the uprising waters 
have first coated each wall with a layer. They have then' 
changed in composition and have deposited a later and different 
one, and so on until the crack has become filled. Often cavities 
are left at the centre or sides and are lined with beautiful and 
shining crystals, which flash and sparkle in the rays of a lamp, 
like so many gems. There are quartz veins in California which 
are mined for gold and which seem to have filled clean-cut 
crevices, wall t o  wall, for several feet across. More often-there 
is evidence of decided chemical action upon the walls, wfiich 
may be impregnated with the ore and gangue for some distance 
away from the fissure. As the source of supply is left, however, 
the impregnation becomes less and less rich, and finally fades 
out into barren wall-rock. The enrichment of the walls varies 
also from point t o  point, since where the rock is tight the solu- 
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tions can not spread laterally, but where it is open the impregna- 
tion may be extensive. The miner has, therefore, t o  allow 
for swells and pinches in his ore. 

Of even greater significance than the lateral enrichment is 
the peculiar arrangement of the valuable ore in a vein that 
may itself be continuous for long distances although in most 
places too barren for mining. Cases are, indeed, known in which 
profitable vein matter has been taken out continuously for 
perhaps a mile along the strike, but they are relatively rare. 
The usual experience reveals the ore running diagonally down 
in the vein filling, and more often than not following the polished 
grooves the malls which are called slickensides, and which indi- 
cate the direction taken by one wall when it moved on the other 
during the formation of the fracture. The rich places may 
terminate in depth as well, and again may be repeated, but 
they must be anticipated, and for them allowance must be made 
in any mining operation. 

Ores, therefore, gather along subterranean water-ways. 
They may fill clean-cut fissures, wall t o  wall; they may impreg- 
nate porous wall-rocks on either side; they may even entirely re- 
place soluble rocks like limestones. 

We may now raise the question as t o  the source of the water 
which accomplishes these results and the further question as t o  
the cause of its circulations. 

The nature of the underground waters which are instrumental 
in filling the veins presents one of the most interesting, if not 
the most interesting, phase of the problem a n d m e  upon m-hich 
attention has been especially concentrated in later years. The 
crucial point of the discussion relates t o  the relative importance 
of the two kinds of ground-waters, the magmatic, or those from 
the molten igneous rocks, and the meteoric, or those derived 
from the rains. The magmatic waters are not phenomena of 
the daily life and observation of the great majority of civilized 
peoples, and for this reason they have not received the attention 
that otherwise would have fallen to  their share. Relatively 
few geologists have the opportunity to  view volcanoes in active 
eruption, and have but disproportionate conceptions of the 
clouds and clouds of watery vapor which they emit. The 
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enormous volume has, however, been brought home to us in 
recent years, with great force, by  the outbreak of Mont Pe16, and 
we of this academy, thanks to  the efforts of our fellow-member, 
Dr. E. 0. Hovey of the American Museum of Natural History, 
have had them placed very vividly before US. It is on the whole 
not surprising that t o  the meteoric waters most observers in 
the past have turned for the chief, if not the only, agent. I 
will, therefore, first present, as fully as the time admits and as 
fairly as I may, this older view which still has perhaps the 
larger number of adherents. 

Except in the arid districts rain falls more or less copiously 
upon the  surface of the earth. The largest portion of it runs 
off in the rivers; the smallest portion evaporates while on the 
surface, and the intermediate part sinks into the ground, urge'd 
on by gravity, and joins the ground-waters. Where crevices 
of considerable cross-section exist, they conduct the water 
below in relatively large quantity. Shattered or porous rock 
will do the same, and we know that open-textured sandstones 
dipping down from their outcrops and flattening in depth lead 
water t o  artesian reservoirs in vast quantity. As passages and 
crevices grow smaller, the friction on the walls increases and 
the water moves with greater and greater difficulty. When 
the passage grows very small, movement practically ceases. 
The flow of water through pipes is a very old matter of investi- 
gation, and all engineers who deal with problems of water 
supply for cities or with the circulation of water for any of its 
countless applications in daily life must be familiar with its 
laws. Friction is such an important factor that only by the 
larger natural crevices can the meteoric waters move downward 
in any important quantityx,9r very appreciable1 velocity. They 
do sink, of course, and come to'comparative rest a t  greater or 
less distance from the sudace and yield the. supplies pf;under- 
ground z a t e r  upon which 'Be 

The s6dtion of the rocks ands bstween the surface 
and the ground-water is the active change and is ,that 
part of the earth's crust in which the m'eteoric waters exGt?&' 
their greatest effect. Rock; within this zone are in constant 
process of decay and disintegration. Oxidation, involying - 
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the production of sulphuric acid from the  natural metallic 
sulphides, is actively in progress. Carbonic acid enters also 
with the meteoric waters. The rocks are open in texture 
and favorably situated for maximum change. From this zone 
we can well imagine that all the finely divided metallic par- 
ticles which are widely and sparsely distributed in the rocks' 
go into solution and tend to  migrate downward into the quiet 
and relatively motionless ground-water. If the acid solutions 
escape the precipitating action of some alkaline reagent such 
as limestone they may even reach the ground-waters, and 
their dissolved burdens may be contributed t o  this reservoir, 
but the greater portion seems to  be deposited at the level 
of the ground-water itself or a t  moderate distances below it. 
Impressed by these phenomena, which present a true cause of 
solution, and influenced by their familiar and everyday char- 
acter, we may build up on the basis of them a general concep- 
tion of the source of the metallic minerals dissolved in those 
aqueous solutions which are recognized by all to  be the agents 
for the filling of the veins. 

Let us now focus attention on the ground-water. This 
saturates the rocks, fills the crevices, and forces the miner who 
sinks his shaft to  pump, much against his natural inclination. 
The vast majority of mines are of no great depth, and the 
natural conclusion of our earlier observers, based on this expe- 
rience, has been that the ground-waters extend downward, 
saturating the strata of the earth to the limit of possible cavi- 
ties, distances which vary from 1,000 to more than 30,000 
feet. To this must be added another familiar phenomenon. 
The interior temperature of the earth increases at a fairly 
definite ratio of about one degree Fahrenheit for each 60-100 
feet of descent. In round numbers, if we start with a place 
of the climatic conditions of New York-that is, with a mean 
annual temperature of about 5 1'. we should on descending 
10,000 feet below the surface find a temperature of about 2 I z0, 
and if we go still deeper it would be still greater. Of course, 
under the burden of the overlying column of water, the actual 
boiling points for the several depths would be greater, and 
it is a question whether the increase of temperature would 



NEW Y O m  ACADEMY OF SCIENCES 

overcome the increase of pressure and the consequent rise 
of the boiling point, SO as t o  convert this water into steam, 
cause great increase in its elasticity, decrease in its specific 
gravity, and thereby promote circulations. At ,all events, 
the rise in temperature would cause expansion of tIie*'liqdd, 
would disturb equilibrium, and to this degree would promote 
circulations. 

There is one other possible motive power. The meteoric 
waters enter the rocky strata of the globe at elevated points,. 
sink downward, meet the ground-water at altitudes above the 
neighboring valleys, and establish thereby what we call head. 
In consequence they often $eld springs, If we imagine the 
head t o  be effective t o  considerable depths we have again the 
deep-seated waters under pressure, which after their long and 
devious journey through-the rocks may cause them to rise 
elsewhere as springs. The head may in small degree be aided 
by the expansion of the uprising heated column whose specific 
gravity is thereby lowered as compared with the descending 
colder column. 
/May we now draw all these facts and supposed or assumed 

phenomena into one whole? 
The descending meteoric waters become charged with dis- 

solved earthy and metallic mherals.in their downward, their 
deep-seated lateral, and perhaps also at the beginning of their 
heated uprising journey. They are urged on by the head of 
the longer and colder descending column and by the interior 
heat. They gather together from many smaller channels 
into larger issuing trunk channels. They rise from regions 
of heat and pressure which favor solution, into colder regions 
of precipitation and crystallization. They deposit in these 
upper zones their burden of dissolved metallic and earthy miner- 
als and yield thus the  veins from which the miner draws his ore. 

This conception is based on phenomena of which the greater 
part are the results of everyday experience. It is attractive, 
reasonable, and is on the whole the one which has been most 
trusted in the past. Doubtless it has the widest circle of adher- 
ents to-day. It is, however, open t o  certain grave objections 
which are gaining slow but certain support. 
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The conception of the extent of the ground-water in depth, 
for example, is flatly opposed to-our experience in those hith- 
erto few- but pearly increasing deep mines which go below 
1,500 or 2 , 0 0 0  feet. Wherever deep shafts are located in regions 
other than those of expiring but not dead volcanic action, they 
have passed through the ground-water, and if this is carefully 
impounded in the upper levels of the mines, and not allowed t o  
follow the workings downward, it is found that there is not 
only less and less water but that the deep levels are often dry 
and dusty. Along this line of investigation, Mr. John W. Finch, 
recently the State Geologist of Colorado, has reached the con- 
clusion after wide experience with deep mines that the ground- 
waters are limited, in the usual experienke, t o  about 1,000 feet 
from the surface and that only the upper layer of this is in 
motion and available for springs. 

Artesian wells‘ do extend in many cases to  depths much 
greater than this and bring supplies of water t o  the surface, 
but their very existence implies waters impounded and in a, 
state of rest. 

To this objection that the ground-waters are shallow it has 
been replied that when the veins were being formecl the rocks 
were open-textured and admitted of circulation, but subsequently 
the cavities and waterways became plugged by the deposition 
of minerals by  a process technically called cementation and, 
the supply being cut off, they now appear dry. There must, 
however, in order to make the “head” effective have. once 
been a continuous column of water which introduced the mate- 
rials for cementation. It is at least difficult t o  understand 
how a process which could only progress by the introduction 
of material in very dilute solution should by the agency of 
crystallization drive out the only means of its production. 
Some residue of water must necessarily remain locked u p  in 
the partially cemented rock. This residue we, of course, do 
not find where rocks are dry and drifts are dusty. In many 
cases also, where deep cross-cuts have penetrated the fresh 
wall-rock of mines, cementation if present has been so slight as 
t o  escape detection. 

If we once admit that this conclusion is well based, i t  removes 
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the very foundation from beneath the conception of the meteoric 
waters and tumbles the whole structure in a heap of ruins. 

While I would not wish to positively make so sweeping a 
statement as this about a question involving so many uncer- 
tainties, there is nevertheless a growing conviction among a 
not inconsiderable group of geologists that the rocky crust of 
the earth is much tighter and less open t o  the passage of descend- 
ing waters than has been generally believed; and tha t  the 
phenomena of springs, which have so much influenced conclu- 
sions in the past, affect only a comparatively shallow, overlying 
section. Such phenomena of cementation as we see are probably 
in large part due to  the action of water stored up by the sedi- 
ments when originally deposited and carried down by them 
with burial. Under pressure a relatively small amount of water 
may be an important vehicle for recrystallization. 

It has been assumed in the above presentation of the case 
of the meteoric waters that they are able to leach out of the 
deep-seated wall-rocks the finely disseminated particles of 
the-iiielallic minerals, but the conviction has been growing in 
my own mind that we have been inclined to  overrate the prob- 
ability of this action in our discussions. In the first place 
our knowledge of the presence of the metals in-the rocks them- 
selves is based upon the assay of samples almost always gathered 
from exposures in mining districts. I The rock has been sought 
in as fresh and unaltered a conditiorf as possible, and endeavors 
have been made t o  guard against tpe possible introduction of 
the metallic contents by those same waters which have filled 
the neighboring veins. But if we admit or assume tha t  the 
assay values are original in the rock, and, in case the latter is 
igneous, if me believe that the metallic minerals have crystal- 
lized out with the other bases from the molten magma, we are 
yet confronted with the fact that  their very presence and detec- 
tion in the rock shows that they have escaped leaching even 
though they occur in a district where underground circulations 
have been especially active. From the results which we have 
in hand it is quite as justifiable t o  argue that the metals in 
the rocks are proof against the leaching action of underground 
circulations as that  they fall victims t o  it. These considera- 
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tions tend to  restrict the activities of the meteoric waters t o  
the vadose region as Posepny calls it, i.e., that  belt of the rocks 
which stands between the permanent water-level and the sur- 
face. Within it is an active area of solution, as we have all 
recognized for many years, but, as previously stated, experience 
shows that the metals which go into solution in it strongly tend 
to  precipitate at or not far below the water-level itself. 

It is of interest, however, t o  seek some quantitative expression 
of the problem, and the assays given above furnish the necessary 
data. 

I have taken the values of thKsevera1 metals which have been 
found by the assays of what were in most cases believed t o  b e  
normal wall-rocks, selecting those of igneous nature because 
experience shows them to be the richest. The percentages 
have been turned intp, pounds of the metal per ton of rock; 
this latter value has then been recast into pounds of the most 
probable natural compound or mineral in each case. I have 
next calculated the volume of a cube corresponding to the last 
weight, and by extracting its cube root have found the length 
of the edge of such cube. If now we assume a rock of a specific 
gravity of 2 . 7 0 ,  which is a fa i r  average value, and allow it 11 

t o  1 2  cubic feet t o  the ton, or say 2 0 , 0 0 0  cubic inches, t he  
edge of the cube-ton will be 27.14 inches. The ratio of the 
edge of the cube of metallic mineral to the edge of the cube-ton 
of enclosing rock will give us an idea of the chance that a crack 
large enough t o  form a solution-water-way will have of inter- 
secting that amount of contained metallic mineral. Of course 
in endeavoring to establish this quantitative conception I realize 
that the Ipetallic mineral is not in one cube, and that through 
a cube-toti of rock more than one crack passes; but I assume 
that the fineness of division of the metallic mineral practically 
keeps pace with the lessening width and close spacing of the 
crevices. It is also realized that the shape of the minerals is 
not- cubical. I am convinced from microscopic study of rocks 
and the small size of the metallic particles that their subdivision 
certainly keeps pace with any conceivable solution-cracks, and 
that no great error is involved in the first assumption made. 
The sides of a cube represent three planes which intersect at 
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right angles and which are mathematically equivalent to any 
series of planes intersecting at oblique angles. Hence if we 
consider as cubes the subdivisions formed in our rock mass 
by any series of intersecting cracks, there are thTee sets of 
planes, any one of which might intersect the cube of ore. w e  
must, therefore, multiply the ratio of probability that any single 
set will intersect it by three in order t o  have the correct expres- 
sion. The chance that a crack, of the width of the cubic edge 
of the enclosed mineral, will strike that cube is given by the 
ratios in the last column, which ratios I assume hold good with 
increasing fineness of subdivision both of metallic minerals and 
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From the table it is evident that the chances vary from a 
maximum in the case of copper of one in six through various 
intermediate values to a minimum for gold of one in over one 
hundred. This is equivalent t o  saying that, with cracks whose 
total width bears the same relation to the width of the rock 
mass as is borne by the diameter of the particle of ore, the 
chance of crossing a particle varies from one in six to  one in 
one hundred. Or  we may say that with cracks of this spacing 
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from one sixth to  one hundredth of the contained metallic 
mineral might be leached out.' When, therefore, as is often 
the case in monographs upon the geology of a mining district, 
inferences are drawn as to  the possibility of deriving the ore 
of a vein by the leaching of wall-rocks whose metallic contents 
have been proved by assay, the total available contents ought 
t o  be divided by a number from six to  one hundred if the above 
reasoning is correct. This diminution will tend to  modify in 
an important manner our belief in the probability of such 
processes as have been hitherto advocated. We may justly 
raise the following questions: How closely set, as a matter 
of fact, are the cracks which are large enough to furnish solution 
water-ways in the above rocks, and can we reach any definite 
conception regarding their distribution? Some quantitative 
idea of the relations may be obtained from the tests of the 
recorded absorptive capacity of the igneous rocks which are 
employed as building stone. G. P. Merrill in his valuable work 
on Stones for Building and Decoratwn, pp. 459, has given 
these values for thirty-three granites and four diabases and 
gabbros. They vary for the granites from a maximum of 
one twentieth to a minimum of one seven hundred and fourth. 
I have averaged them all and have obtained one two hundred 
and thirty-seventh as the result. That is, if we take a cubic inch 
of granite and thoroughly dry it, it will absorb water up to  
one two hundred and thirty-seventh of its weight. The volume 
of this water indicates the open spaces or voids in the stone. 
The average of the specific gravities of the thirty-three granites 
is 2.647. If, by the aid of this value, we turn our weight of water 
into volume we find that its volume is one ninetieth that of 
the rock. For the four diabases and gabbros, similarly treated, 
t h e  ratio of absorption is one three hundred and tenth; the 
specific gravity is 2.776 and the ratio of volume one one hundred 
and tenth. We can express all this more intelligibly by saying 

With regard to the flow of waters through crevices and the relation 
of the flow t o  varying diameters or widths, a very lucid statement will 
be found in President C .  R. Van Hise's valuable paper in the Truizsuctiom- 
of the American Imtitztte of Mining  Engineers, XXX, 41, and in his 
monograph on Metamorphism. 
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that, if we assume a cube of granite and if we combine all its 
cavities into one crack passing through it, parallel to one of 
its sides, the width.of the crack will be to  the edge of the cube 
as I t o  90. In the diabases and gabbros, similarly treated, 
the ratio will be I to 110. These values are very nearly the 
same as the average of the ratios of the edges of the cubes of 
rock and ore given in the table on p. 2 2 6 ,  it being I to 104. 
We may conclude, therefore, that  in so far as we can check 
the previous conclusion by  experimental data it is not far from 
the truth. 

It may be stated that the porphyritic igneous rocks which have 
furnished nearly all the samples for the above analyses are as 
a rule extremely dense, and that their absorptive capacity 
is more nearly that of the compact granites than the open- 
textured ones. It is highly improbable that underground water 
circulates through these rocks to  any appreciable degree except 
along cracks which have been produced in the mechanic21 way 
either by contraction in cooling and crystallizing, or by faulting 
and earth movements. The cracks from faulting are very 
limited in extent and in the greater number of our mining 
districts they affect but narrow belts, small fractions of the 
total. Of the cracks from cooling and crystallizing those of 
US who have seen rock faces in cross-cuts and drifts under- 
ground, where excavations have been driven away from the 
veins proper, can form some idea, if we eliminate the shattering 
due to blasting. My own impression is that  in rocks a thousand 
feet or so below the surface such cracks are rather widely spaced, 
and that, when checked in a general way by the ratios just 
given, these rocks are decidedly unfavorable materials from 
which the slowly moving meteoric ground-waters (if such exist) 
may extract such limited and finely distributed contents of the 
metals. 

I have also endeavored to check the conclusions by the 
recorded experience in cyaniding gold ores in which fine crushing 
is so important, and I can not resist the conviction that we 
have been inclined to  believe the leaching of compact and 
subterranean masses of rock a much easier and more probable 
process than the attainable data warrant. 

653 
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As soon, however, as we deal with the open-textured frag- 
mental sediments and volcanic tuffs and breccias the permea- 
bility is so enhanced as to make their leaching a comparatively 
simple matter. Yet, so far as the available data go, they are 
poor in the metals or else are open to  the suspicion of secondary 
impregnation. They certainly have been seldom, if ever, 
selected b y  students of mining regions as the probable source 
of the metals in the veins. 

Should the above objections to  the efficiency of the meteoric 
waters seem t o  be well established, or at least to have weight, 
it follows that the arena where they are most, if not chiefly, 
effective is the vadose region, between the surface and the level 
of the ground-water. Undoubtedly from this section they take 
the metals into solution and carry them down. But it is equally 
true that they lose a large part of this burden, especially in the 
case of copper, lead, and zinc, at or near the level of the ground- 
water and are particularly efficient in the secondary enrichment 
of already formed b u t  comparatively lean ore-bodies. 

That the floods of 
lava which reach the surface are heavily charged with them, 
there is no doubt. So heavily charged are they that Professor 
Edouard Suess, of Vienna, and our fellow-member Professor 
Robert T. Hill, of New York, have seen reason for the conclu- 
sion that even the oceanic waters have in the earlier stages of 
the earth’s history been derived from volcanoes rather than, 
in accordance with the old belief, volcanoes derive their steam 
from downward per2olating sea-water. From vents like Mont 
PelCe, which in periods of explosive outbreaks yield no molten 
lava, the vapors rise in such volume that cubic miles become 
our standards of measurement. 

There is no reason to believe that many of the igneous rocks 
which do not reach the surface are any less rich, and when they 
rise so near to  the upper world that their emissions may attain 
the surface, we must assign to  the resulting waters a very 
important part in the underground economy. 

This general question has attracted more attention in Europe 
in recent years as regards hot springs than in America. SO 
many health resorts and watering places are located upon them 

Let us now turn to  the magmatic waters. 
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that they are very important fmdat ions of local institutions 
and profitable enterprises. Professor Suess, whom I kave 
earlier cited, delivered an address a few years ago at an anni- 
versary celebration 'in Carlsbad, Bohemia, in which he stated 
that RosiwaI, who--ha$, studied the Carlsbad district, could not 
detect any agreement-between the run of the rainfall and the 
outflow of the springs, and that both the unvarying composition 
and amount through wet seasons and dry were opposed to 
a meteoric source. Water, therefore, from subterranean igneous 
rocks, well known t o  exist in the locality, was believed to be 
the source of t1-e springs. The same general line of investigation 
has led Dr. Rudolf Delkeskamp, of Giessen, and other observers 
to similar conclusions for additional springs, so that magmatic 
waters have assumed a prominence in this respect which leaves 
little doubt as to their actual development and importance. 

All familiar with Western and Southwestern mining regions 
know, as a matter of experience, that the metalliferous veins are 
almost always associated with intrusive rocks, and that in very 
many cases the period of ore formation can be shown to have 
followed hard upon the entrance of the eruptive. The conclu- 
sicp bas, therefore, been natural and inevitable that the mag- 
matic waters have been, if not the sole vehicle of introduction, 
yet the preponderating one. 

With regard t o  their emission from the cooling and crystal- 
lizing mass of molten material we are not, perhaps, entirely clear 
or well established in our thought. So long as the mass is at 
high temperatures the water is potentially present as dissociated 
hydrogen and oxygen. We are not well informed as to just 
what is the chemical behavior of these gases with regard to the 
elements of the metallic mineraIs. Hydrochloric acid gas is 
ce"itain1y a widely distributed associate. If, as seems probable, 
these gases can serve, alone or with other elements, as vehicles 
for the removal of the constitu.ents of the ores and the gangue, 
the possibilities of ubiquitous egress are best while the igneous 
rock is entirely or largely molten. In part even the pheno- 
mena of crystallization of the rock-forming minerals themselves 
may be occasioned by the loss of the dissolved gases. Through 
molten and still fluid rock the gases might bubble outward if 
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the pressure were insufficient to restrain them and would, were 
their chemical powers sufficient, have opportunity to take up  
even sparsely disti-ibuted metals. 

On the other hand if their emission, as seems more probable, 
is in largest part a function of the stage of solidification and 
takes place gradually while the mass is congealing, or soon 
thereafter. then they must depart along crevices and openings 
whose ratio to the entire mass would be similar to those given 
above. They might have, and probably do have, an enhanced 
ability to  dissolve out in a searching an2 thorough manner the 
finely distributed metallic particles as compared with rehtively 
cold meteoric waters which might Iater permeate the rock; but 
as regards the problem of leaching, the general relations of 
crevices to mass are much the same for both, and it holds also 
true that the discovery of the metals by assay of igneous rocks 
prox-es that all the original contents have not been taken, by 
either process. 

We may, however, consider an igneous mass of rock as the 
source of the-water even if not of the ores and-gangue, and- 
then we have a well-established reservoir for this solvent in a 
highly heated condition and'at the necessary depths within the 
earth. Both from its parent mass and from the overlying rocks 
traversed by  it, it may take the metals and gangue. 

In  the upward and especially in the closing journey, meteoric 
waters may mingle with the magmatic, and as temperatures 
and pressures fall, the precipitation of dissolved burdens takes 
place and our ore-bodies are believed to result. Gradually the 
source of water and its store of energy become exhausted; 
circulations die out and the period of vein-formation, com- 
paratively brief, geologically speaking, closes. Secondary en- 
richment through the agency of the meteoric waters alone 
remains to  influence the character of the deposit of ore. In 
brief, and so far as the process of formation of our veins in the 
Western mining districts is concerned, this is the conception 
which has been gaining adherents year by  year and which, on 
the whole. most fully accords with our observed geologic rela- 
tions. It accords with them, I may add, in several other im- 
portant particulars upon which I h'ave not time to dwell. 
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In closing I may state that, speculative and uncertain as our 
solfition of the problem of the metalliferous veins may seem, it 
yet is involved in a most important way with the practical 
opening of the veins and with our anticipations for the future 
production of the metals. EJery intelligent manager, superin- 
tendent or engineer must plan the development work of his mine 
with some conception of the way in which his ore-body originated, 
and even if he alternates, or lets his mind play lightly from 
waters meteoric to waters magmatic, over this problem he must 
ponder. On its scientific side and to an active and reflective 
mind it is no drawback that the problem is yet in some respects 
elusive and that its solution is not yet a matter of mathematical 
demonstration. In science the solved problems lose their inter- 
est; it is the undecided ones that  attract and call for all the 
resources which the investigator can bring to  bear upon them.- 
Among those problems which are of great practical importance, 
which enter in a far-reaching way into our national life and 
which irresistibly rivet the attention of the observer, there is none 
with which the problem of the metalliferous veins suffer. by 
comparison. 




